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ABSTRACT 

 It has been argued that teachers do not always teach in the ways their teacher education 

programs promoted. One cause of this problem has to do with teachers' conceptions about 

mathematics and ability being incompatible with the visions of mathematics that teacher 

educators promote. For example, teacher educators may emphasize the need for conceptual 

understanding but a teacher who equates understanding with being correct and fast will enact this 

goal differently from someone who expects students to be able to explain and communicate their 

understanding. The way a teacher understands what it means to do mathematics and be good at 

mathematics will influence their future teaching. Furthermore, the messages teachers send to 

their students about who they are as mathematical learners are full of messages about what it 

means to do and be good at mathematics. Additionally, these messages can have a long-term 

impact on how those students view themselves and the decisions they make for their future. 

 This study uses qualitative methods to better understand pre-service teacher (PST) talk, 

how their talk relates, and how their talk changes over time. I describe PST talk as it relates to 

mathematics (M), ability (A), and themselves as mathematical learners (P) (the three components 

of the MAP framework). This study took place with the PSTs in two sections of a mathematical 

content course for elementary school teachers taught by the researcher. First, using grounded 

theory, I developed codes to understand how these PSTs talked in regards to the three 

components and applied these codes to written reflections at the beginning and end of our course. 

After analyzing the data I selected and interviewed 14 PSTs one year after our course. Again, I 

applied the same codes to their talk in the interview to see how their talk continued to change. 

Select interview PSTs were then chosen to represent common and uncommon examples of PST 

talk.  
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 Findings from this study show that talk across the MAP framework was related and that 

this talk became more standards-aligned by the end of the content course. However, the findings 

also provide a much more nuanced insight into different relationships and changes in talk. One 

finding shows that when variations in PST talk existed between framework components it was 

most commonly due to PSTs talking about mathematics in a more traditional way than when 

they talked about ability or themselves as mathematical learners. Another finding shows that 

during the interviews (one year after our course) PSTs continued to talk about themselves and 

abilities in mostly standards-aligned ways but reverted towards more traditional talk when 

discussing mathematics and how someone demonstrates their mathematical understanding. 

 These findings have important implications for future research and for teacher educators. 

First, the relationships between the components of the MAP framework suggest that addressing 

PSTs conceptions of mathematics and their conceptions of ability may affect how they talk about 

individuals as mathematical learners. Second, the findings show which aspects in the MAP 

framework PSTs more readily talk about in standards-aligned ways. This provides insights into 

which areas teacher educators may want to emphasize more in trying to promote changes in PST 

talk. Lastly, these findings also show which aspects of PST talk maintain over a longer time 

frame and which aspects need a greater sustained emphasis. All of this is necessary as we 

support PSTs to think and talk about mathematics and mathematical abilities in standards-aligned 

ways that are truly supportive of all students. 
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 While students are learning mathematics, they are also learning lessons about what 

 mathematics is, what value it has, how it is learned, who should learn it, and what 

 engagement in mathematical reasoning entails.  

 - Randy Phillip (2007, p. 257) 

 

As long as teachers believe that some kinds of mathematical activity are not viable for 

certain groups of students—whether because of students’ prior preparation or innate 

abilities—teachers will have little impetus to seriously engage in developing their 

pedagogy in ways that will reach all students with richer, more challenging content. 

- Ilana Seidel Horn (2007, p. 44) 
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CHAPTER 1: INTRODUCTION 

 The value of a quality mathematics education cannot be understated. Mathematics 

achievement has long been a gatekeeper that supports or prevents people from pursuing many 

academic and careers paths (Gutstein, 2006). For this reason, assuring that all students are 

afforded access to a quality mathematics education is of utmost importance. In this capacity 

schools are in a wonderful position to encourage, inspire, and help students achieve their goals. 

Unfortunately, schools also have the ability to label, discourage, and limit potential. From a very 

young age students are often labeled, either implicitly through expectations or explicitly through 

words, as capable or not capable in mathematics and other disciplines (Crespo & Featherstone, 

2012; Dweck, 2008). There are widely accepted cultural norms that refer to some people as 

"math people" while others may be "word people" (Crespo & Featherstone, 2012). This process 

of labeling however, does not just come from teachers, very often it is family, friends, and fellow 

students who perpetuate these labels (Crespo & Featherstone, 2012; Dweck, 2008). Once our 

ability in a subject is labeled by others it can affect how they treat us and how we see and treat 

ourselves. This means that if others tell us we are bad (or good) at mathematics we may 

eventually believe it and tell ourselves the same thing (Sfard & Prusak, 2005). One example of 

this is seen in the work of Carol Dweck where she highlights how many students enter 

elementary school believing they can succeed simply by trying but leave elementary school 

feeling as though their scholastic abilities are fixed (Crespo & Featherstone, 2012; Dweck, 2008; 

Stipek, Givvin, Salmon, & MacGyvers, 2001). 

My Mathematical Narrative 

Similar to many students I have been encouraged and discouraged, inspired and bored, 

and I have had others label my abilities for me in both positive and negative ways. The ways I 
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have been labeled by teachers, family, and friends have affected and continue to affect how I see 

myself. This includes how I see my strengths, my weaknesses, and the actions I take on a regular 

basis. Early in elementary school I was labeled "good at math" but I was so young that I had no 

idea what mathematics or mathematical reasoning really entailed. For a variety of reasons (most 

of which were out of my control) I was efficient at memorizing times tables. This seemingly 

insignificant skill started me down a long path I am still travelling. I was placed in the 

accelerated math group in fourth grade which carried me through elementary school, junior high, 

high school, and AP calculus. When I went to college I decided to major in mathematics for the 

simple reason that I was "good at it" and it had a wide range of career opportunities. While this 

positive labeling of my ability encouraged me to pursue mathematics it did not always support 

my mathematical learning. I thought that being good at mathematics meant that it should come 

fast and easy. Often times before an exam I could look over my textbook, memorize some 

formulas, and then perform well. My success following computational rules only reinforced my 

ability label and my procedural and effortless approach to mathematics. During tests I would 

often rush to be the first person done because that meant I was a strong student. Clearly, this 

approach affected the depth of my mathematical knowledge but it also affected my conceptions 

of mathematics as a subject and the effort required to develop deep mathematical understandings.  

In this brief history I do not intend to exaggerate my story. I believe that I have had a 

good and fortunate mathematics education. I have had many great teachers who have supported 

me and made me feel capable and competent in mathematics. My teachers helped me to see 

myself as a "good" mathematics student which, in turn, fueled my enjoyment and pursuit of 

mathematics. What I want to highlight is that I have made many major decisions about my career 

and education because I, and others, viewed myself as "good" at mathematics. However, once in 
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college I realized that I was not nearly as good as I previously thought. I also found that many 

topics I previously covered I never fully understood. There were also times in college that I did 

poorly in mathematics classes. However, because I was "good at math" I credited these instances 

to boring instructors and a lack of effort instead of a lack of ability. I would say that my identity 

as a good mathematics student was so strong that it often exceeded my actual ability and 

performance in my college level mathematics courses.  

When I first applied to a mathematics graduate program I was not accepted. This 

outcome threatened a core part of who I understood myself to be. Unwilling (and afraid) to fail I 

took many upper division and graduate courses as a non-degree seeking student. During these 

years I worked harder to learn mathematics than ever before. In doing so, I realized that I was not 

the brilliant student I once thought. However, through lots of hard work I have been able to 

understand, make sense of, and appreciate mathematics in ways that I never did before. Over the 

past decade my conceptions of mathematics and what is required to be good at mathematics have 

completely changed. Now I see mathematics as something to be deeply understood. It requires 

creativity, collaboration, problem solving, and mathematical reasoning instead of simply 

memorizing and forgetting formulas. I also know that through lots of hard work I, and others, 

can come to understand and appreciate complex mathematical ideas. 

While this is just a small piece of my mathematical story it is meant to highlight the 

impact of the messages we send about mathematics, what it means to be good at mathematics, 

and ultimately who is good at mathematics. The positive label I was given—which while 

encouraging me—has affected my view of myself, my ability, and mathematics. The messages 

that we teachers send to students can have a large impact on how they view themselves, view the 

subject, and the actions they will take in their future. As a result of my educational experiences 
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and my teaching practice I am especially sensitive to these explicit and implicit messages. In 

contrast to my experiences I regularly work with pre-service teachers (PSTs) who were not given 

positive mathematical labels. Similar to others (Ambrose, 2004), I frequently hear horror stories 

about PSTs’ pasts that would make any teacher cringe. In one instance, a student of mine told me 

how her former high school teacher called her stupid in front of the rest of the class. In another 

instance, a PST told me how her former elementary school teacher was so frustrated with this 

student’s difficulty comprehending a particular mathematics topic that the teacher started crying 

during class.  

Inasmuch as my experiences made me confident to pursue mathematics the experiences 

of these PSTs have turned them away from the subject. Now it is these PSTs, including some 

who lack positive mathematical experiences and strong mathematical backgrounds, that we are 

preparing to educate future students (Ambrose, 2004; Ball, 2003; Lutovac & Kaasila, 2011; Ma, 

1999; Uusimaki & Nason, 2004). Additionally, PSTs often have limited exposure to differing 

ideas about what it means to do, teach, and be good at mathematics (Crespo & Featherstone, 

2012; Philipp et al., 2007; Simon, Tzur, Heinz, Kinzel, & Smith, 2000). Therefore, we must pay 

particular attention to teachers' beliefs and understandings, and how we, as teacher educators, are 

supporting them in developing more productive ideas about mathematics and what it means to be 

good at mathematics. 

The Problem 

 It is widely accepted that teachers' beliefs strongly influence their teaching practice 

(Emenaker, 1996; Philipp, 2007). Unfortunately, the practices that educational researchers and 

teacher educators hope teachers will adopt often run counter to their beliefs about teaching, about 

students, and in the case of this project, their beliefs about mathematics and mathematical ability 
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(Crespo & Featherstone, 2012; Horn, 2007; Philipp, 2007; Stipek et al., 2001). Many current 

mathematics researchers focus on visions of mathematics teaching and learning that include 

ideas such as: developing deep mathematical understandings (Ball, 2003; Clay, Silverman, & 

Fischer, 2010; Ma, 1999), drawing on students' mathematical thinking and cultural funds of 

knowledge (Carpenter, Fennema, & Franke, 1996; Turner et al., 2011), mathematics as a socially 

constructed practice (Brown, Collins, & Duguid, 1989; Civil, 2002; Cobb, Gresalfi, & Hodge, 

2009; D’Ambrosio, 2001; Greeno, 1997; Yackel & Cobb, 1996), and issues of equity within the 

classroom (Boaler, 2008; Cohen, 1994). Similarly, current standards documents also include an 

increased emphasis on deep understanding, mathematical practices, and an increased focus on 

equity issues.  

 The National Council of Teachers of Mathematics (NCTM) Principles and Practice of 

School Mathematics sets forth a vision of mathematics that emphasizes problem solving, 

communication, high expectations, and the inclusion of all students (National Council of 

Teachers of Mathematics, 2000). The Common Core State Standards of Mathematics (CCSSM) 

(Common Core State Standards Initiative, 2010) also have an increased emphasis on problem 

solving and understanding over just rote practices and memorization. This vision of 

mathematics one that involves conceptual understanding, communication, justification, problem 

solving, and the inclusion of all students is what I will refer to as standards-based mathematics. 

This notion of standards-based mathematics (which is viewed positively in the mathematics 

education arena) is not to be confused with educational standardization (which is viewed 

negatively in the broader educational arena). Educational standardization has been linked to high 

stakes testing and a one-size-fits-all notion of education which has consistently underserved low-

income and minority students while benefitting the wealthy and privileged (DIME, 2007). In 
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contrast to a standards-based vision of mathematics, many teachers and PSTs maintain a fairly 

traditional, teacher-centered, view of mathematics teaching and learning (Ambrose, 2004; 

Philipp, 2007; Stipek et al., 2001; Swars, Hart, Smith, Smith, & Tolar, 2007). In this view, 

mathematics is a somewhat static and sequential topic based on memorization of facts and 

procedures to follow. This view places the teacher as the distributor of knowledge and students 

as passive recipients (Felton & Koestler, 2015; Horn, 2007; Stipek et al., 2001; Zohar, Degani, 

Vaaknin, 2001). If a teacher's vision of mathematics, and what students are capable of, is not 

compatible with the practices we hope they will adopt then that teacher may not be able to 

implement these practices in their intended ways (Horn, 2007; Philipp, 2007; Stipek et al., 2001).  

 Horn (2007) referred to this as the mismatch problem; that is, teachers' conceptions about 

mathematics and what students are capable of is often incommensurate with the type of teaching 

we hope teachers will employ. Teachers frequently view mathematics as a procedural and well 

defined topic based on memorization and beholden to a static order of topics (Horn, 2007; Stipek 

et al., 2001). Additionally, some teachers believe that "low" students cannot learn mathematics 

through inquiry-based instruction (Horn, 2007; Zohar et al., 2001). This is despite the significant 

amount of evidence that demonstrates the benefit of this type of instruction for all students 

(Boaler, 2002; Bolden & Newton, 2008; Horn, 2007). Horn (2007) even quoted a mathematics 

department head saying that inquiry-based instruction only works with the "cream" (i.e., high 

achieving students). This quote emphasizes the pervasiveness and negative implications of 

certain conceptions of mathematics ability.  

It is widely accepted in the United States that someone can just say "I'm not a math-

person" or that "math was never my subject," alternatively others are labeled as "math-people" 

(Crespo & Featherstone, 2012). Crespo and Featherstone (2012) discussed the different 
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implications these beliefs can have. If a teacher believes that someone is simply "not a math-

person" then the teacher will have no responsibility if and when that student fails. Similarly, the 

ways the teacher will try to engage that student will also be limited (Crespo & Featherstone, 

2012; Horn, 2007; Zohar et al., 2001). Teachers can also equate things like prior knowledge and 

speed with innate mathematics ability (Horn, 2007; Handal, 2003). Additionally, students who 

access course content in non-traditional fashions may also be seen as less capable (Crespo & 

Featherstone, 2012).  

While not all teachers ascribe to traditional views of mathematics it has still been found 

that teachers in the United States spend more time lecturing to students on new content compared 

to teachers in some other countries (e.g., China, Germany, Japan) who provide ample time for 

students to struggle with new content and develop meaningful understandings (Ma, 1999; Peak, 

1996). Herein lies the issue, researchers and standard documents are calling for a vision of 

teaching that needs to be more apparent in our classrooms. To help address this problem this 

dissertation takes shape in a nexus of what teachers think about mathematics, mathematics 

ability, and people as mathematical learners. For example, a teacher may believe mathematical 

understanding is important but if that teacher has a traditional view of mathematics then they 

may focus instruction on understanding procedures versus understanding fundamental concepts. 

Additionally, if the teacher believes that only some students are capable of high-level thinking 

then many students may be forced to do repetitive worksheets while an elite few engage in 

critical thinking activities.  

Through their actions and words teachers are implicitly and explicitly sending messages 

about mathematics, mathematical abilities, and people as mathematical learners. While this study 

does not focus on classroom practice it does focus on some fundamental issues that can affect 
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what happens in the classroom and what messages are passed on to students. Clearly complex 

factors like time constraints, school administration, standardized tests, teacher knowledge, and 

countless other factors affect what actually happens in the classroom (Bolden & Newton, 2008; 

Ma, 1999). However, as teacher educators it is still very important that we prepare PSTs to send 

messages that their students are capable of learning mathematics and that mathematics is worth 

learning at a deep and conceptual level. We must support future teachers in developing their 

language to talk about mathematics, mathematical abilities, and people as mathematical learners 

in ways that enhance instead of limit opportunities. 

Purpose 

 This study adds to the research by developing an analytical framework relating the way 

that people (or PSTs in this case) talk about mathematics, mathematical abilities, and people as 

mathematical learners. Talk about someone as a mathematical learner makes up part of their 

narrative as a mathematical learner. Drawing on Sfard and Prusak (2005), I am conceptualizing 

narratives as stories about people. Stories that tell who someone is, what they have done, and 

what they should be able to do. These narratives can be about individuals, groups of students, or 

first-person narratives. Sfard and Prusak wrote that while it is the first-person, self-told narrative 

which most strongly affects one's actions all of these narratives affect one another, especially 

when told by people in authority (e.g., teachers). However, this is not a narrative study and I do 

not claim that the brief stories shared with me make up a person's entire narrative. For this reason 

I use the word talk to describe what a PST shares with me. I refer to this framework as the MAP 

framework as it relates the way PSTs talk about mathematics (M), mathematical abilities (A), 

and people (P) as mathematical learners.  
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Figure 1.1. Components of the MAP framework. 

 

 

 While research has mentioned similar relationships they usually do so through likert-type 

surveys of large numbers of PSTs or through in-depth narratives of a small number of 

participants (Philipp, 2007) rather than focusing on the characteristics of talk of many PSTs 

(n=44), as in this study. Specifically, others have noted: 1) teachers' views of mathematics ability 

and the implications for classroom practice (Crespo & Featherstone, 2012); 2)  how teachers' 

views of ability relate to different conceptions of mathematics (Horn, 2007); 3) how students' 

views mathematics in different contexts relate to how they see themselves as mathematical 

learners (Cobb et al., 2009); and 4) how PSTs' views of ability relate to how they see themselves 

as mathematical learners (Crespo & Featherstone, 2012). This study explores, and explicitly 

connects all three pieces of this MAP framework. Specifically, I analyze how PST talk about 

mathematics, mathematical abilities, and people as mathematical learners aligns with the views 

expressed in current research and standard documents. Additionally, I analyze how talk relates, 

conflicts, and changes over time.  

The purpose of this study is to understand PST talk as it relates to the MAP framework 

and to explore variations in talk during and after a mathematical content course for elementary 

school teachers. The content course included activities designed to challenge PSTs’ conceptions 

about mathematics, abilities, and people as mathematical learners. Additionally, the course 

emphasized standards-aligned talk about mathematics, ability and mathematical learners in the 

M 

P A 
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context of a standards-based mathematics classroom. However, within the setting of a 

mathematics content course PSTs have limited contact with elementary school children. 

Therefore, in this study I analyze how PSTs talk about themselves as mathematical learners 

(rather than about children as mathematical learners). I analyze PST talk about mathematics, 

mathematical abilities, and themselves as mathematical learners using grounded theory 

methodologies (Corbin & Strauss, 2008). Grounded theory is appropriate because it captures the 

richness of PST talk and provides descriptive insight into this framework (Creswell, 2009). 

Therefore instead of dichotomous categories such as conceptual or procedural mathematics this 

study can help us understand the varied and perhaps contradicting ways that PSTs talk about 

mathematics, ability and themselves as mathematical learners (Bolden & Newton, 2008; Simon 

et al., 2000).   

View on Learning 

 I view teacher learning as a socio-cultural activity and as a trajectory of participation 

within a community of practice (Greeno, 1997; Lave & Wenger, 1991; Wenger, 1998). During 

teacher preparation programs, in classrooms, and in school sites teachers are moving from new 

comers to more full participants within a community of practicing teachers (Lave & Wenger, 

1991). While my study focuses on future teachers in the context of a mathematics content course 

I am not focusing on the teachers' understandings of mathematical content. Rather, I am focusing 

on their socially constructed norms (Cobb et al., 2009) about mathematics, mathematical 

abilities, and themselves as a mathematical learner. PSTs have conceptions about mathematics 

and ability that have been socially constructed during their lifetime of participating in 

mathematics classrooms. Similar ideas have also been discussed as a disposition towards the 

practice of mathematics (Brown et al., 1989; Davis, 2011) or as socio-mathematical norms which 
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examine what mathematics looks like in different settings (Cobb et al., 2009). Within a socio-

cultural perspective future mathematics teachers are enculturated into teaching practices and 

particular ways of talking about mathematics, mathematical abilities, and people as mathematical 

learners. Additionally, viewing teacher learning as a trajectory of participation within a 

community of practice focuses the analysis on PST talk to see how they are adopting the 

standards-based talk emphasized in the course. Furthermore, the focus is on changing talk rather 

than changing beliefs because often times PSTs have not even considered alternative conceptions 

of mathematics or ability (Simon et al., 2000). 

Overview of Dissertation  

 This chapter began with my mathematical narrative which described the impact that 

messages about my mathematical ability had on me. As mathematics is a major roadblock to 

many possible futures the mathematical narratives teachers create are of extreme importance. I, 

and others (Crespo & Featherstone, 2012; Cobb et al., 2009; Horn, 2007), argue that these 

mathematical narratives are highly intertwined with conceptions of mathematics and 

mathematics ability. In this study I analyze PST talk to help us better understand the connections 

in the MAP framework. Specifically, I explore attributes of talk, how talk changed (or remained 

the same), and how talk related across different components of the MAP framework.  

 Chapter two begins by briefly reviewing learning theories as they apply to both the 

content and methods of this study. Then I review literature on conceptions of mathematics and 

mathematical abilities as they relate to the contrast between traditional and standards-based 

mathematics. This is followed by a brief discussion on how conceptions of mathematics and 

ability are related within talk about people as mathematical learners. Lastly, I discuss what we 
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currently know about PSTs’ conceptions of mathematics, mathematical abilities, and themselves 

as mathematical learners. 

 In chapter three I present the research questions and the methods used to answer those 

questions. Following the introduction I review the elements that make up qualitative analysis and 

grounded theory (Corbin & Strauss, 2008; Creswell, 2009). After this I provide a detailed 

account of the research setting and participants. This is followed with a description of the data 

used in the analysis (written reflections and interview data) as well as how that data was 

analyzed to address the research questions. Chapter three ends with a brief discussion of the 

limitations of the study design.  

 In the final two chapters I present the findings and discuss their relationship to other 

literature. In chapter four I present the findings for how PSTs talked about mathematics, ability, 

and themselves as mathematical learners. I first discuss PST talk as it relates to each component 

of the MAP framework and how that talk changed during our course and the interviews. Then I 

discuss how talk related (or did not relate) between the different components of the MAP 

framework. This is followed with a presentation of three illustrative examples of PST talk that 

reflect common and uncommon occurrences in PST talk. In chapter five I summarize the 

findings and discuss how the findings relate to, agree with, and contribute to the literature. 

Lastly, I discuss recommendations for future research and teacher education.   
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CHAPTER 2: LITERATURE REVIEW 

Overview of Chapter 

In this chapter I situate and motivate this study by locating it within its epistemological 

and research contexts. First, I discuss different learning theories and the implications they have 

for research and teacher preparation. After this I elaborate on different conceptions of 

mathematics and mathematics abilities found in the literature and in our standard documents. 

Subsequently, I discuss how conceptions of mathematics and ability are related to talk about 

people as mathematical learners. Following this I review what we currently know about PSTs' 

conceptions about mathematics, mathematical abilities, and themselves as mathematical learners.  

Two Metaphors for Learning 

 While early learning theories focused on behaviorist aspects of learning (Skinner, 1958) 

most current educational theorists work in either the cognitive/constructivist or 

situated/sociocultural arenas (Anderson, Greeno, Reder, & Simon, 2000; Anderson, Reder, & 

Simon, 1996; Greeno, 1997; Sfard, 1998). Sfard (1998) described these two camps in terms of 

two different metaphors. She referred to the cognitive/constructivist group with an acquisition 

metaphor (AM) and to the situated/sociocultural group with a participation metaphor (PM). The 

acquisition metaphor refers to knowledge as something to be obtained. In the AM the 

cognitive/constructivist viewpoints discuss the different ways that we reorganize or construct 

meaning, the main idea is that knowledge is internalized within the mind. 

Cognitive/Constructivist research has been very informative in helping to organize and structure 

content. Additionally, the language used in the AM metaphor is so pervasive that it can be hard 

to talk about learning without using concepts like knowledge or understanding as things we 

internalize (Sfard, 1998). It is also difficult to get away from the fact that most people would 
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agree there is actually something internal in the mind that moves with people from one situation 

to another (Sfard, 1998).  

 In an attempt to get away from knowledge as internalized researchers who ascribe to the 

PM metaphor talk about things like knowing and participating (Greeno, 1997; Sfard, 1998). As 

such, in the PM, learning is thought of as advancing along trajectories of participation and this 

helps us focus on the participatory structures and practices that help or hinder learning (i.e., 

participating) (Greeno, 1997). While both the AM and PM metaphors for learning are extremely 

valuable some believe (myself included) that the PM metaphor has the most to offer by focusing 

on the complexities of social interactions, participation structures, and how people and situations 

are always in flux (Greeno, 1997; Sfard, 1998). The PM also helps us focus on the classroom 

practices that will more effectively enhance education for all of our students, as Sfard (1998) 

wrote "the vocabulary of participation brings the message of togetherness, solidarity, and 

collaboration" (p. 8). I especially, view teacher learning as socially constructed where "part of 

learning to teach is becoming enculturated into the teaching community—learning to think, talk 

[emphasis added], and act as a teacher" (Putnam & Borko, 2000, pp. 9-10). This view of teacher 

learning motivates both the content and the methods behind this study. The content course 

focused on enculturating PSTs into a different way of doing, thinking about, and talking about 

mathematics, mathematics ability, and themselves as mathematical learners. Furthermore, this 

study examined aspects of PST talk to see how (if at all) they adopted this new way of talking. 

Defining Conceptions  

There are many different ways that people have talked about teachers' perspectives, 

beliefs, values, thoughts, orientations, views, visions, etc. (Philipp, 2007). In response to this 

variety of terms I use the term conceptions as a general way to encompass the varying ways that 
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people believe, understand, view, or talk about mathematics and mathematics abilities (Leatham, 

2006; Philipp, 2007). Philipp (2007) wrote "when studying beliefs of others, researchers must 

draw inferences from what people do or say [emphasis added]" (p. 268). In this section, I 

examine research on teachers’ conceptions of mathematics and ability, with a particular focus on 

what teachers say in written or spoken words. 

In many instances, the conceptions people hold about mathematics and ability are unclear 

or inconsistent. Specifically, much research has been done on the inconsistencies in teachers 

beliefs (Hoyles, 1992; Leatham, 2006; Philipp, 2007; Raymond, 1997; Skott, 2001; Sztajn 2003). 

Teachers' beliefs have been found to be held with different strengths (Philipp, 2007) and situated 

within a given context (Hoyles, 1992). Additionally, as new beliefs are developed old beliefs 

may not be rejected, rather the range of possible beliefs expands and these different beliefs may 

also be held with different strengths (Ambrose, 2004). Furthermore, researchers have 

emphasized that we should view teachers as inherently sensible and therefore when 

inconsistencies arise we should seek further elucidation (Leatham, 2006; Philipp, 2007). This 

means that what appears to be inconsistent or conflicting conceptions to an external observer 

may not be conflicting to the person holding those conceptions. 

Conceptions of Mathematics 

In this section I explore different conceptions of mathematical content and mathematical 

practices found in the literature and in the standards documents (Ball & Cohen, 1999; Bolden & 

Newton, 2008; Brown et al., 1989; CCSS, 2010; Civil, 2002; Cobb et al., 2009; Horn, 2007; 

Lockhart, 2002; NCTM, 2000; Philipp, 2007; Simon et al., 2000). 

Conceptions of mathematical content. 
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In Philipp's (2007) handbook chapter he summarized many previous ways of 

conceptualizing mathematics, including conceptual or calculational orientations towards the 

subject matter. Conceptually oriented teachers generally have a system of ideas and ways of 

thinking that they want their students to develop, whereas, calculationally oriented teachers focus 

on computations and procedures and emphasize the finding of numerical answers (Philipp, 

2007). Albeit, teachers with either orientation could agree on the value of problem solving, the 

actual process of problem solving for these teachers may be fundamentally different. When 

asked the average speed of a car that travelled 240 miles in 5 hours a calculationally oriented 

teacher would be satisfied if a student said "I divided 240 by 5 and got 48." Alternatively, a 

conceptually oriented teacher may ask "why did you divide? Why does that make sense? What 

does the 48 stand for?"  

Another group of researchers (Simon et al., 2000) used two common perspectives found 

in the literature to help make sense of the teachers they studied. They referred to these two 

perspectives as the conception-based perspective and the traditional school-mathematics 

perspective (Philipp, 2007; Simon et. al, 2000). The conception-based perspective is based on the 

assumptions that: 1) mathematics is created through human activity; 2) what individuals 

understand and learn is constrained by what they currently know; and 3) that mathematical 

learning is a process of transformation of one's knowing and ways of acting (Simon et al., 2000). 

This perspective is contrasted with the traditional school-mathematics perspective in which 

mathematics is viewed as independent from the human experience and knowledge is passed to 

students as they passively watch and listen to others. Interestingly, Simon et al. (2000) found that 

some teachers who did not ascribe to a conception-based perspective had never even considered 

it. Additionally, Simon et al. found that neither perspective alone could adequately describe the 
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conceptions of teachers in their study. Some teachers had blended or conflicting views where 

they did not view students as passive recipients but did view mathematics as independent from 

the human experience (Simon et al., 2000).  

Similar to Simon et al. (2000), Bolden and Newton (2008) created two categories of 

mathematical beliefs for the primary teachers they studied: 1) that mathematics is absolute and 

unchangeable; and 2) that mathematical knowledge is contextualized and mathematical meanings 

are negotiated. Through lesson observations and semi-structured interviews they also noted that 

teachers appeared to hold hybrid epistemologies; that is, there epistemological beliefs were not 

always consistent with a single view and their teaching practices did not always line up with their 

stated beliefs. Some teachers, however, noted how other pressures of the job and time 

commitments made it difficult to always teach the way they would like to. These examples 

highlight the difference between mathematics as a fixed body of knowledge focused on 

procedures (traditional) versus mathematics as a body of knowledge that focuses on conceptual 

understandings and making connections (conceptual) (see also Horn, 2007). While most teachers 

believe that conceptual understanding is important their vision of what it means to do 

mathematics and thus their classroom practices may vary dramatically in achieving that end 

(Stipek et al., 2001).  

Conceptions of mathematical practices. 

In this section I discuss research related to different conceptions of mathematical 

practices. In Paul Lockhart's A Mathematician's Lament (2002) he described how the 

mathematical practices students engage in at school share little in common with the way 

mathematics is actually practiced by mathematicians. He argued that the practice of mathematics 

has been reduced from an art form to a memorization of facts. Ball and Cohen (1999) mentioned 
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that a teacher needs to "understand what reasoning in a particular field entails—such as 'proving' 

something in mathematics" (p. 9). For example, Brown et al. (1989) discussed how a 

mathematics professor had students bring problems to class so that they could reason through 

them together and, therefore, engage in the practice of mathematics. Civil (2002) also drew 

attention to this distinction when she wrote about school mathematics, everyday mathematics, 

and mathematician's mathematics. Civil noted that school mathematics, as a practice, shares little 

in common with the mathematics we use in our daily lives or the mathematics that 

mathematicians actively practice. In this latter context students must reason about, make sense 

of, and often defend their reasoning. 

  Cobb and colleagues (Cobb et al., 2009) wrote about mathematical practices in their 

discussion of socio-mathematical norms. These are classroom-based norms that describe what it 

means to do mathematics within a given context. For example, raising your hand in class and 

providing an explanation is a classroom social norm. Alternatively, what is an accepted 

mathematical explanation would be considered a socio-mathematical norm. Cobb et al. (2009) 

gave an example of an algebra class (traditional class) and a design experiment class (standards-

aligned class) to highlight these differences. In the algebra class doing mathematics successfully 

meant: 1) taking notes; 2) asking clarifying questions about the procedures; and 3) being able to 

demonstrate proficiency in those procedures. Alternatively in the design experiment class doing 

mathematics meant: 1) explaining and justifying reasoning; 2) asking questions to better 

understand others' reasoning; and 3) providing justification for disagreements.  

 The NCTM standards (NCTM, 2000) focused on both the content and process of 

mathematics. Specifically, they talked about the mathematical process as involving problem 

solving, reasoning, proving, communicating, and representing (NCTM, 2000). In the CCSSM 
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practice standards (CCSSM, 2010) they included making sense of problems, using mathematical 

reasoning, constructing and critiquing arguments, modeling, using mathematical tools, looking 

for patterns, and attending to precision. In summary, research has described a contrast in what it 

means to do mathematics. In a traditional classroom doing mathematics means following 

procedures and filling in worksheets. However, the mathematics practiced by mathematicians or 

in standards-based classrooms more often involves solving ill-defined problems with no clear 

procedure to follow. In this latter case we must make sense of, represent, and communicate our 

reasoning. However, while there are distinct differences in these two conceptions of mathematics 

there are also some overlaps. For example, both conceptions of mathematics still value 

procedural fluency. 

Conceptions of Mathematical Abilities  

 The work of Carol Dweck highlights two different theories of intelligence and ability 

(Crespo & Featherstone, 2012; Dweck, 2008). Entity (or fixed) theorists view ability as stable 

where Incremental (or growth) theorists view ability as increasing with effort and learning. It has 

been found that approximately 40% of students in the United States have a growth mindset, 40% 

have a fixed mindset, and 20% have mixed profiles (Boaler, 2013; Dweck, 2008). Fixed mindset 

theories are believed to undermine a focus on mathematical understanding that many 

mathematics educational researchers support (Stipek et. al, 2001). Dweck (2008) wrote "that 

educators with both fixed and growth mindsets create self-fulfilling prophecies" (p. 14). That is, 

the most successful students in a class where the teacher holds a fixed ability mentality tend to be 

those who the teacher already sees as highly intelligent. Alternatively, when teachers hold a 

growth mindset, a much broader range of students tend to do well (Dweck, 2008). The notion of 

fixed ability runs counter to the idea that all students can learn and achieve in mathematics, a 
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foundational equity principle in the NCTM (2000) standards that emphasizes "high expectations 

and strong support for all students" (NCTM, 2000, p. 12). The ways a teacher with a fixed ability 

orientation attempts to reach a student who they view as less able may be limited, as will the 

responsibility the teacher feels if the student is not successful (Crespo & Featherstone, 2012; 

Horn, 2007). This fixed ability mentality can label people as "math people" or "not math people" 

(Crespo & Featherstone, 2012).  

Horn (2007) analyzed the ways that different teacher groups talked about students and 

abilities. One group of teachers (group A) held a static notion of student abilities and 

characteristics when they talked about their students as "fast," "slow," and "lazy." This was 

contrasted with teacher group B that intentionally avoided talk about ability as fixed. Instead of 

blaming unsuccessful lessons on their students' "inability" they focused on factors such as how 

status could be negatively affecting student participation instead. Here status is defined as "an 

agreed upon social ranking where those with high rank are perceived as more competent" 

(Crespo & Featherstone, 2012, p. 160). Status provides insights into other aspects of 

mathematics classrooms (e.g., behavior, popularity) that have little to do with students’ 

mathematical abilities but still impact perceived competencies. As a result, teacher group B 

focused on the multiple abilities (Cohen, 1994) their students had as classroom resources. 

Additionally, this group challenged traditional notions of ability by not equating speed with 

being good. They discussed how "fast" might mean not thinking things through and not being 

careful (Horn, 2007). This multiple abilities view is strongly aligned with the current standards 

documents process and practice standards (CCSS, 2010; NCTM, 2000). As these documents 

attend to multiple mathematical processes they highlight many skills that can help students 

successfully participate in mathematics.  
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Talk About People as Mathematical Learners 

Sfard and Prusak (2005) discussed how narratives or stories can tell us who someone is, 

what they have done, and what they should be able to do. Additionally, they talked about how 

these stories can be told in the first, second, or third person and adapted to the audience. While it 

is the first person self-told stories that most strongly influences someone's actions this self-told 

narrative is affected by all other narratives about that person (Sfard & Prusak, 2005). This is 

especially true when these stories are told by people in power (e.g., teachers). In this study I 

examine what PSTs choose to share with me while acknowledging that this may be different 

from what they tell themselves or others. Furthermore, I use the word talk to describe the stories 

they share. This talk while related to their mathematical narrative does not accurately encompass 

the entirety that term.  

 Additionally, the way someone talks about themselves, or someone else, as a 

mathematical learner may also be linked to their conceptions of mathematics and ability, and to 

the context in which one is learning (Cobb et al., 2009; Gresalfi & Cobb, 2011). For example, 

what it means to be a good mathematics student within a classroom is socially negotiated by 

teachers and students. Students’ conceptions about themselves as mathematical learners (P) is 

related to what it means to do mathematics (M) and be good at mathematics (A) within this 

context. Cobb et al. found that students in a standards-aligned classroom strongly identified with 

the classroom norms for what it means to do mathematics and be good at mathematics, and 

participated accordingly.  

As another example, Horn (2007) studied teachers’ conceptions of mathematics (M) and 

mathematical ability (A) in the context of talk about students as mathematical learners (P). When 

teachers talked about what specific students could (or could not) do in mathematics they also: 1) 
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labeled the students as high/low or focused on the students' multiple abilities; and 2) talked about 

mathematics content in either a sequential or connected way. Zohar et al. (2001) found similar 

results for the 40 teachers they interviewed. 45% of these teachers talked about low-achieving 

students not being able to do high-cognitively demanding tasks. In this example the teachers that 

labeled students with "low" ability also limited the kinds of mathematics those students could 

participate in. These examples demonstrate how teachers' talk about students as mathematical 

learners relates to conceptions of mathematics and mathematical abilities. That is, talking highly 

of all students as mathematical learners seems to coincide with emphasizing their multiple 

abilities and standards-aligned conceptions of mathematics. In contrast, talking poorly of people 

as mathematical learners seems to coincide with fixed notions of ability and more traditional 

conceptions of mathematics. 

Pre-Service Teachers' Conceptions of Mathematics, Ability, and Themselves as 

Mathematical Learners  

 The above sections examine some of the ways that mathematics, ability, and talk about 

people as mathematical learners have been conceptualized broadly within the field of educational 

research. In this section I explore what research has shown us about PSTs and how they 

conceptualize mathematics, mathematical abilities, and themselves as mathematical learners. By 

reviewing some of the things we already know about PSTs we are better prepared to anticipate 

and interpret the PSTs' responses in this study.  

 Pre-service teachers' conceptions of mathematics. 

 Research has focused both on PSTs' conceptions about mathematics and mathematics 

teaching, and has argued that these conceptions impact one another (Emenaker, 1996; Ma, 1999; 
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Philipp et al., 2007). Swars et al. (2008) studied the mathematical beliefs of elementary pre-

service teachers and found that:   

It is not uncommon for beginning pre-service teachers to come to their teacher 

preparation programs with a traditional view of what it means to know and do 

mathematics: a view of mathematics as a fixed body of knowledge to be delivered to 

children, usually through clear, organized presentations and lectures. (Swars et al., 2008, 

p. 1) 

This statement clearly demonstrates how a vision of what mathematics is can affect how PSTs 

believe it should be taught. PST conceptions of mathematics as a teacher-centered discipline are 

also mirrored in Felton and Koestler's findings (2015). In Felton's mathematics content course 

for elementary teachers (similar to the course in this study) nine out of 16 PSTs started the 

course saying there is no need to change the current, mostly traditional, style of teaching. Philipp 

et al. (2007) also noted that many PSTs believe that mathematics is a fixed set of rules where 

children learn by being shown how to solve mathematics in a step-by-step fashion. In Handal's 

(2003) review on teachers' mathematical beliefs he found that: 1) PSTs values are more 

traditional than progressive; 2) PSTs overvalue memorization and procedures; and 3) that PSTs 

value neatness and speed. 

 Ambrose (2004) discussed the sources of some PST beliefs noting cultural transmission 

or "hidden curriculum" as one main source. Hidden curriculum refers to beliefs that "may be held 

at a subconscious level…. [and] often take the form of assumptions and stereotypes" (Ambrose, 

2004, p. 93). She wrote that "because prospective teachers' mathematics work in school consisted 

mostly of memorizing procedures, many assume that mathematics always requires 

memorization" (Ambrose, 2004, p. 93). Ambrose (2004) wrote that "well-differentiated attitudes 
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are those that have a large number of parts and are well articulated. Attitudes formed by 

culturally transmitted beliefs can be undifferentiated and fairly simplistic" (p. 95). This means 

that PSTs often have both traditional and undifferentiated beliefs. Leatham (2006) noted that 

teachers’ beliefs may appear inconsistent, and that they may not even be aware of them or be 

able to articulate them. 

 Pre-service teachers' conceptions of mathematical ability.   

Handal’s (2003) review also starts to address how PSTs conceptualize mathematical 

ability when he wrote that PSTs often value neatness and speed. Frank (1990) surveyed 131 

students enrolled in a mathematics class for pre-service teachers and found that all but 6 agreed 

with at least 1 of 12 common and potentially harmful math myths. More specifically, 63% of the 

PSTs surveyed agreed with the quote "Some people have a mathematical mind and some don't" 

(Frank, 1990, p. 11). This again reaffirms the idea that some PSTs believe ability is innate and 

fixed whereas others ascribe to a growth mentality. In their work with PSTs, Crespo and 

Featherstone (2012) have noticed that 

The prospective elementary teachers in our teacher education classes are quick to notice 

wide differences in the mathematical skills and knowledge among the elementary 

students in their internship classrooms. They are not surprised by what they see…. They 

have a ready explanation for the differences they observe: some people are born with an 

ability to do math—they are "math people"—while others are not. Prospective teachers 

rarely ascribe the differences among students that they observe to anything that has 

happened at school. (Crespo & Featherstone, 2012, p. 159) 
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Crespo and Featherstone have found this fixed ability mentality to be rather resilient amongst 

PSTs and they attribute this resilience to the widespread acceptance of these cultural norms 

(about math people and not math people) in the United States.  

 Pre-service teachers' conceptions about themselves as mathematical learners. 

 Crespo and Featherstone (2012) discussed how this is similar to the PSTs' experiences 

and views about themselves. They have found that many of their PSTs do not think very highly 

of themselves as mathematical learners but they do not consider themselves to be "dumb." 

Rather, they have adopted the idea that they are just not "math" people and perhaps they are 

language arts people. Lutovac and Kaasila (2011, 2014) worked with PSTs they classified as 

having a negative views of mathematics. They found that 22% of 269 PSTs had negative views 

of themselves as mathematical learners and often said things like "I just didn’t feel like I was 

good at it," "I was bad at it," "I tried to be as invisible as possible," and "I am not meant for 

mathematics" (Lutovac & Kaasila, 2011, 2014). However, they also found that through focused 

experiences and reflections they were able to positively affect PSTs negative views of 

themselves as mathematical learners (Lutovac & Kaasila, 2011). 

 Pre-service teachers' varied and changing conceptions.   

 It is clear that some PSTs have fairly traditional views of mathematics (what mathematics 

is and how it should be taught) (Ambrose, 2004; Felton & Koestler, 2015; Swars et al., 2007) 

and also ascribe to fixed notions of ability that some people are just good at mathematics 

(Crespo & Featherstone, 2012; Frank, 1990; Handal, 2003). It is also clear that some PSTs do not 

think very highly of themselves as mathematical learners (Crespo & Featherstone, 2012; Lutovac 

& Kaasila, 2011, 2014). It has also been noted that some PSTs with a negative view of 

mathematics tend to pass on mathematics anxiety to their students and overprotect their students 
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from challenging mathematical tasks (Lutovac & Kaasila, 2011; Mistele & Spielman, 2009). 

However, I do not mean to imply that this is an accurate portrayal of all PSTs. While some PSTs 

have limiting conceptions of mathematics, ability, and themselves as mathematical learners, 

many PSTs do not. This caution is important, as much of the research on PSTs' conceptions 

about mathematics, mathematical abilities, and themselves as mathematical learners seems to 

portray a deficit view of PSTs. However, this is not always the case.  

 Additionally, many of the studies cited also noted a positive shift in PSTs' conceptions 

after coursework. Philipp et al. (2007) found that the PSTs in a carefully designed content course 

for elementary school teachers where PSTs studied children's learning alongside their course 

content had developed a better understanding of, and more sophisticated beliefs about, 

mathematics by the end of the semester compared to those who only focused on course content. 

Felton and Koestler (2015) noticed similar shifts in PSTs' views. Specifically, more PSTs 

emphasized a need to transition away from a mostly traditional style of mathematics teaching at 

the end of the semester. Swars et al. (2007) noted how PSTs’ mathematical beliefs became more 

standards-aligned after a two-course mathematical methods sequence. Crespo and Featherstone 

(2012) discussed how the PSTs in their courses began to focus more on effort and multiple 

standards-aligned abilities at the end of their course. Previously, I mentioned that Lutovac and 

Kaasila (2011) found the PSTs in their study evidenced an improved relationship with 

mathematics after participating in focused activities and reflections over the course of one 

semester. This highlights how PST conceptions can change through carefully designed courses.  

 However, the long term effects of these changes is uncertain as there is evidence that 

PSTs revert to more traditional forms of mathematics teaching once they leave teacher 

preparation programs (Gainsburg, 2012; Thompson, Windschitl, & Braaten, 2013). Often the 
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new school community does not place as much emphasis on standards-aligned mathematics as 

the former teacher preparation community, and teachers have to reconcile these differences 

(Thompson, Windschitl, & Braaten, 2013). In this context Thompson, Winschitl, and Braaten 

(2013) discussed critical pedagogical discourses and contextual discourses. Contextual 

discourses are the discourses that PSTs experience in all their different learning-to-teach contexts 

whereas critical discourses refer to what PSTs tell themselves about "what matters." It is these 

critical pedagogical discourses that, although affected by all the different contextual discourses, 

are most likely to influence future teaching practices. 

Conclusion 

 In this chapter I reviewed conceptions about mathematics and mathematical practices that 

highlight the differences between a traditional view and a standards-based/conceptual view of 

mathematics. I also reviewed different conceptions of mathematics ability. I then discussed how 

talk about people as mathematical learners can be linked to conceptions of mathematics and 

ability. Next I discussed what we know about PSTs' conceptions of mathematics, ability, and 

themselves as mathematical learners. Lastly, I discussed what we have seen in the literature 

about changes in PSTs' conceptions.  
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CHAPTER 3: METHODS 

Overview of Chapter 

 This chapter describes the methods used in this study. First, I describe the research design 

which uses aspects of grounded theory and case study methodologies. Then I discuss the setting 

of the study and the research participants. This is followed by a description of the data sources 

and the analysis performed to answer the following research questions: 

 1) How did PSTs in a mathematics content course for future elementary school teachers  

 talk about mathematics, mathematics ability, and themselves as mathematical learners?  

 2) How did PST talk about mathematics, mathematical ability, and themselves as 

 mathematical learners relate to one another?  

 3) How did PST talk about mathematics, mathematical ability, and themselves as a 

 mathematical learners change (if at all) during this study? 

After the data analysis section there is a section on trustworthiness in which I discuss the 

limitations of the study and the findings. Lastly, there is a brief conclusion which summarizes 

this chapter. 

Qualitative Methods  

 Corbin and Strauss (2008) discussed qualitative research as that which seeks to elicit 

meaning and gain understanding through the examination and interpretation of data. To address 

the above research questions I employed qualitative methodologies to capture the richness of 

PST talk and give descriptive insight into the MAP framework (Creswell, 2009). Qualitative 

methods are appropriate for this study because I am interpreting what I see in the PSTs' talk 

using the MAP framework as my theoretical lens while also providing a holistic account of the 

setting, study, context, and findings (Creswell, 2009). Amongst the potential data sources used in 

qualitative research, this kind of research regularly uses data sources such as written documents 
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and interviews (Creswell, 2009). This type of research also commonly employs multiple data 

sources to look at the same problem as a way to triangulate and corroborate findings (Corbin & 

Strauss, 2008).  

Grounded theory methodology. 

In this study I use grounded theory (Corbin & Strauss, 2008) to analyze PST talk about 

mathematics (M), ability (A), and themselves as mathematical learners (P) in written reflections, 

mind webs, and audio transcripts. In terms of grounded theory, Creswell et al. (2007) wrote the 

following:  

The intent of a grounded theory study is to move beyond description and to generate or 

discover a theory, an abstract analytical schema of a process or action or interaction 

(Strauss & Corbin, 1998). Participants in the study would all have experienced the 

process, and the development of the theory might help explain practice or provide a 

framework for further research. A key idea is that this theory-development does not come 

“off the shelf,” but rather is generated or “grounded” in data from participants who have 

experienced the process (Strauss & Corbin, 1998). Thus, grounded theory is a qualitative 

research design in which the inquirer generates a general explanation (a theory) of a 

process, action, or interaction shaped by the views of a large number of participants. 

(Creswell et al., 2007, pp. 62–63) 

Corbin and Strauss (2008) hold the ontological view that nothing in this universe is strictly 

determined. For this reason, while my analysis is informed by the literature, it also remained 

open to the unforeseen meanings that emerged in the PSTs' responses. Grounded Theory is often 

done in steps that involve open coding, axial coding, and then selective coding (Corbin & 

Strauss, 2008; Creswell, 2009). Open coding involves coding data to represent both higher and 
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lower level concepts, the higher level concepts being those that lead themselves towards broader 

categories or themes and the lower level codes as those which may represent subcategories of 

those themes (Corbin & Strauss, 2008). This is an iterative process of continual scrutiny, 

modification, or removal of codes until the data can be clearly understood through the codes 

developed (Corbin & Strauss, 2008). Axial coding often times occurs after or concurrently with 

open coding and is a method of crosscutting or relating concepts/categories together (Corbin & 

Strauss, 2008; Creswell, 2009). Selective coding is then the process of “explicating a story from 

the interconnection of these categories" (Creswell, 2009, p. 184). Normally grounded theory 

methodology occurs by constantly comparing data with the emerging categories so that the final 

codes can maximize both the similarities and the differences in the coding (Creswell, 2009). A 

further description of how grounded theory was used to answer the research questions is in the 

data analysis section. 

Drawing on case study methodology. 

 Case study methodology is “a strategy of inquiry in which the researchers explores in 

depth a program, event, activity, process, or one or more individuals” (Creswell, 2009, p. 13). To 

clarify, in this study I am not performing an in-depth case study analysis. However, I do draw on 

certain notions of case study analysis when selecting and describing illustrative examples of PST 

talk. Cases are generally bounded by time and activity and may include multiple data collection 

procedures. Cases can include things such as personal histories, narratives, or descriptions of 

certain events or crisis (Corbin & Strauss, 2008). According to Yin (2011), cases are helpful for 

answering descriptive questions such as “what is happening?” Additionally, a “case” should 

represent a case of something and may often represent common phenomena, as well as, extreme 

or unique phenomena (Yin, 2011). Case study analysis can also be guided by a theoretical 
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framework, this means that the selecting of cases, data, and the analysis may be guided by and 

hope to build on or challenge a specific theory (Yin, 2011). Furthermore, case studies commonly 

employ both a chronological analysis and a pattern matching (or cross-case) analysis (Yin, 

2011). That is, cases are commonly described across time and in contrast to other cases at any 

point in time. In this study I draw on certain aspects of case study methodology in the selection 

and description of some illustrative examples of PST talk. As discussed later in this chapter I 

selected PSTs whose talk represented both common and uncommon occurrences and whose talk 

gave insight into the MAP framework. Additionally, I performed a chronological and pattern 

matching analysis of these illustrative examples.  

Setting 

 This study primarily took place in two different sections of a mathematical content course 

for future elementary school teachers, both of which were taught by the researcher. These classes 

were taught at a large southwestern university. The content course was designed around helping 

teachers to develop profound understanding of fundamental mathematics (PUFM) (Ma, 1999) in 

a student-centered and inquiry-based classroom environment. This course did not focus advanced 

mathematical concepts, rather, the focus was on helping PSTs develop mathematical knowledge 

that will help them as future teachers (Ball, Thames, & Phelps, 2008). This course is the first 

course in a two-course mathematical content sequence the PSTs must take before moving on to 

mathematical methods courses and student teaching. This first course focused on whole numbers, 

operations, arithmetic properties, rational numbers, and classifications of word problems. During 

the course there was regular group work, discussions, sharing ideas, making connections 

between ideas, and modeling mathematics with visual and physical representations. There were 

regular homework assignments, readings, reflections, quizzes, exams, and a final mathematics 
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investigation project. All of the readings and many of the classroom assignments were designed 

around challenging PSTs' previous conceptions related to the MAP framework. During the 

semester PSTs completed six reflection assignments. Each reflection assignment had PSTs 

respond to a number of prompts related to specific aspects of the MAP framework. These 

included reading and reflecting on different conceptions of mathematics, different conceptions of 

mathematical ability, and then reflecting on themselves as a mathematical learner in light of 

these different conceptions. A timeline of the reflection assignments follows in Figure 3.1. 

 

Reflection Timeline 

 

 

 

 

 

 

 

 

 

Figure 3.1. Timeline of major reflection assignments. 

 This course was designed around helping students learn mathematical content but it was 

also based on socio-cultural views of learning (Greeno, 1997; Lave & Wenger, 1991; Sfard, 

1998; Wenger, 1998). From this perspective the class, group work, inquiry-based activities, and 

reflections were meant to help enculturate students into a different way of doing, thinking about, 

Reflection #3 

PSTs read Crespo and 

Featherstone (2012) pp. 159-

163 and reflected on the 

nature of mathematics 

ability, prior experience, and 

implications for the 

classroom. 

Reflection #5 

PSTs read Civil (2002) pp. 40-44 and 

reflected on how mathematics is 

defined from different perspectives 

and then reflected again on personal 

views of mathematics. 

 

 

Reflection #1 

PSTs reflected on initial ideas about 

mathematics, mathematical abilities, 

and themselves as mathematical 

learners. 

Beginning of 

semester 

End of semester 

In-class group activity on multiple mathematical 

abilities & reflection #4 

PSTs worked in groups to create a poster of all of the 

ways that students can be good at math (not 

content oriented) and include specifics from their 

group members. Then after doing a collaborative 

group activity PSTs reflected on the mathematics 

abilities used in this activity and how they personally 

contributed. 

Reflection #6 

After completing their final 

project PSTs had to hand in 

one final reflection which had 

questions that mirrored their 

first reflection. 

Reflection #2 

PSTs read NCTM process and 

CCSSM practice standards and 

reflected on how those visions of 

mathematics aligned or differed 

with their personal vision of 

mathematics and what it means to 

do mathematics. 
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and talking about mathematics in a way that is more in-line with current standard documents 

(CCSS, 2010; NCTM, 2000). 

Participants 

  The participants in this study (n   ) are the students in the two sections of the 

mathematics for elementary school teachers course mentioned above. Commonly referred to as 

PSTs, they are predominantly white females
1
 preparing to be elementary school teachers. 

Students in this course are generally in their late teens or early twenties and are usually in the 

first few years of their college program. There are two levels of participants in this study. Level-

one participants (n=44) represent all students in the classes who agreed to participate in the study 

and level-two participants
2
 (n=14) are a subset of PSTs who were interviewed approximately one 

year after the course. The level-two PSTs were chosen to represent a wide variety of PST talk 

related to the MAP framework and to elaborate on their views. Since the interview was not a 

required part of the course not every PST I asked to interview agreed. Initially, I selected 15 

PSTs to represent a wide range of variation in talk, seven of which agreed. Then I asked an 

additional eight PSTs, seven of which agreed. Thus the level-two PSTs were determined after 

two rounds of selecting and interviewing. More detail on how the level-two PSTs were selected 

will occur later in the section on data analysis. 

Data Sources 

There are two main data sources in this study that reflect the two levels of participants 

(shown in Table 3.1). All participants wrote reflections as part of the regular class work. Two of 

these reflections, reflection #1 and #6 as noted in Figure 3.1, are the first main data source 

(written reflections). The level-two participants also provided interview data. The interviews 

                                                           
1
 In this study there are 40 females and four males. 

2
 The level-two participants consisted of 12 females and two males. 
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were recorded and transcribed. During the interviews the PSTs also created three mind-webs 

summarizing their thoughts about mathematics (M), mathematical ability (A), and themselves as 

a mathematical learner (P). The interview transcripts along with the mind-webs make up the 

second main data source (interview data).  

Table 3.1 

Data Sources 

 Written reflections Interview data  

Participants Reflection #1 Reflection #6 Interview transcript MAP mind-web 

Level-one (n=44) X X   

Level-two (n=14) X X X X 

 

 Written reflections. 

 Although during the course PSTs completed a total of six reflection assignments only 

specific responses from reflection #1 and #6 are used due to their alignment with the research 

questions and to their parallel structure (Felton & Koestler, 2015). The prompts for both 

reflection #1 and #6 included the following questions addressing the main aspects in the MAP 

framework: 

1. What is mathematics to you? 

2. What does it mean to do mathematics? (i.e., what does doing mathematics 

actually look like in your opinion?) 

3. What do you think it means to be good at math? 

4. What are different ways that someone can be good at mathematics? 

5. Briefly describe yourself as a math student. Do you love math, hate math, or are 

you somewhere in between? Do you consider yourself to be a strong math 

student, a weak math student, or somewhere in between? Please explain why. 
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6. Describe your mathematical strengths. 

In reflection #6 PSTs were additionally asked to reflect on how (or if) their thoughts had 

changed. While just the responses to the previous questions were analyzed in this study the full 

reflection prompts are included in Appendices A and B. Questions one and two were meant to 

address how PSTs talk about mathematics, questions three and four were meant to address how 

PSTs talk about mathematical ability, and questions five and six were meant to address how 

PSTs talk about themselves as mathematical learners. However, it is possible (and did occur) that 

some PSTs addressed components of the MAP framework in their written responses even when 

those components were not specifically prompted. For example, when asked to talk about 

mathematics some PSTs included talk about themselves as a mathematical learner.  

 Interview data. 

 After written reflections were analyzed, select level-two PSTs participated in a semi-

structured open interview to elaborate on their views. Interviews were conducted by phone, 

recorded and transcribed, and generally lasted 50-60 minutes. Interviews took place in the year 

following our content course for a few different reasons. First, the consent forms for the study 

remained anonymous to me until after final grades were assigned and therefore during our course 

I did not know which PSTs agreed to participate in the study. Second, this gap in time provided 

time to code PSTs' written reflections and select level-two participations that reflected a wide 

variety of PST talk. Third, this gap in time afforded the PSTs other mathematical experiences to 

discuss that were not part of our course. Additionally, this time gap may provide insight into how 

much of their previous talk maintained or varied between the end of our course and the 

interviews.  
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 Broadly, the aim of the interview was for participants to reflect on what mathematical 

learning was like in our class, in past classes, and what their mathematical experiences have been 

since our class. Essentially, I tried to elicit more in-depth talk from the PSTs in relation to the 

different components of the MAP framework. For example, I commonly asked them to discuss 

what mathematical challenges they had in their subsequent mathematics content course and to 

discuss how they did or did not overcome those challenges. As such, the time delay in the 

interviews could also be considered a limitation in the study as PSTs' memories of our course or 

their subsequent course may be limited. The interview was broken into two main parts. Part one 

consisted of a greeting and catch-up portion followed by different questions about their 

mathematical experiences and thoughts. Below is a list of the main interview questions asked 

during part-one of the interview for the complete interview protocol see Appendix C.  

 Tell me about your 302B class. What do you remember? What was learning like in that 

class?  

 Tell me about a memorable mathematical experience in that class (positive or negative). 

 Tell me about a mathematics teacher you had or saw in a school that you would like to 

emulate in your future classes. 

 Can you tell me about a time that you have ever found something to be hard or 

challenging in a math class? What did you do in response?  

 Tell me about someone (can be specific, general, or both) who you think is really good at 

math. What makes them good at math?  

 Tell me about how you view yourself as a mathematics student.  

Now, it is likely that the open structure of the interview and my participation in the interview did 

affect the PSTs responses. The things that came up in our organic conversations most definitely 
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affected what the PSTs said. Furthermore, the things I asked for elaboration on could have cued 

the PSTs to the things I was interested in. So while I did not explicitly share my views until the 

interview protocol was over (if at all) my participation clearly had an impact (whether positive or 

negative) on the conversation. My positioning as their former instructor could have caused some 

PSTs to try and please me with their responses. In contrast, our previous relationship may have 

helped other PSTs feel more comfortable and be more honest with me. 

 After discussing these questions I asked the PSTs to create three mind-webs. One mind-

web to organize all the things that come to mind about mathematics, another for what comes to 

mind when they think about someone good at mathematics, and another to organize their 

thoughts about themselves as a mathematical learner. I always asked if the PSTs knew what a 

mind-web was and used other possible synonyms such as mind-map, or brain-cloud. Although 

not all PSTs were familiar with the name mind-web they all expressed being familiar with the 

activity after it was described. Again, the things the PSTs wrote on the mind-webs were likely 

somewhat influenced by our previous conversation and my participation in the interview. To 

give the PSTs time to create these webs we would hang up briefly. When they were done I would 

have them take a photo of their mind-webs and email them to me before calling back.  

 When they called back we began part-two of the interview. This consisted of both of us 

looking over their mind-webs and discussing what they had put down. Additionally, I asked them 

if there was anything that they included in their mind-web that was different from our previous 

conversation due to the extra time they had to collect their thoughts. Then I emailed the PSTs 

their former responses from reflection #6 so they could see how they talked about mathematics, 

ability, and themselves one year prior. After providing them a few minutes to read I asked them 

to tell me about any differences they noticed. Furthermore, whenever there was a contrast I asked 
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them to clarify which version of their talk they most agree with. As another method to highlight 

differences and clarify talk, I also emailed the PSTs mind-webs that I made based on my own 

analysis of their responses to reflection #6. To make these mind-webs, I took the ideas they 

communicated about mathematics, ability, and themselves as a mathematical learner in reflection 

#6 and put them into mind-web form. We then reviewed the three mind-webs I created during 

the interview; I explained that the webs were meant to reflect and represent their thoughts, as 

expressed at the end of the math content course. I then asked PSTs what they would change, add, 

or remove to each of the mind-webs (mine or theirs) so that they better reflected their current 

thinking. The exposure of PSTs to their previous responses had an immediate impact on the talk 

of most PSTs in the final part of the interview. Therefore, what they said may not reflect how 

they normally talk or what they actually believe but it does highlight how their talk changed in 

the light of seeing their responses from our content course. So while the open nature of these 

interviews did affect the PSTs talk it also allowed for inquiring into other topics that arose. For 

example, if a PST said or wrote something unclear or seemingly contradictory they were often 

pushed to try and clarify or elaborate on their previous statements.  

Data Analysis 

 The data analysis was comprised of two phases that correspond to the two levels of 

participants. Phase-one involved the coding and analysis of reflection #1 and #6 from the level-

one PSTs, guided by grounded theory. Phase-two entailed the coding and analysis of the 

interview data from the level-two participants. Now, while the coding and analysis process for 

both phases was comparable I provide a much more in-depth discussion around the phase-one 

coding. In the discussion of phase-one I discuss how the codes were developed and defined 

based on the written reflections. Then I discuss how the codes were assigned and analyzed. In 
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contrast, in phase-two, I simply discuss how the codes were assigned and analyze. An overview 

of phase-one coding and analysis follows. 

 In developing codes I attempted to understand how PSTs talked in regards to each aspect 

of the MAP framework. For each framework component (category) I wanted to assign a single 

categorical code that fell on a traditional to standards-aligned spectrum. That is, one categorical 

code for how they talked about mathematics, one categorical code for how they talked about 

ability, and one categorical code for how they talked about themselves as a mathematical learner. 

However, these categorical codes are based on many different things. For example, PSTs said 

many different things about mathematics and received multiple mathematical subcategorical 

codes that were used to assign a single overall categorical code. 

 I also developed other axial codes that cut across categories and subcategories. I assigned 

an overall MAP code which was based a PSTs' three categorical codes and also fell on a 

traditional to standards-aligned spectrum. I assigned a code for between category variation that 

provided a way to understand differences in category codes. That is, if there was a difference in 

categorical codes the code for between category variation would help measure that difference 

and provide insight into the sources of those differences (i.e., Which categories were often coded 

as more traditional or more standards-aligned than others?). Lastly, I developed and assigned 

codes for within category variation that provided a similar measure between the subcategories in 

a given category. In discussing phase-one I first discuss how I developed and assigned the 

subcategorical codes, how I tabulated the actual ideas PSTs communicated, how I assigned axial 

codes (that cut across categories and subcategories), and then how I analyzed the coding results. 

This is shown below in Figure 3.2. 
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1)  

Developing and 

Assigning 

Subcategorical  

Codes 

 2) 

Tabulating 

PTS' Ideas 

 3) 

Assigning 

Categorical 

Codes  

 4) 

Assigning 

Overall 

MAP Codes 

 

 

 5) 

Assigning 

Codes for 

Between  

Category 

Variation 

 6) 

Assigning 

Codes for 

Within 

Category 

Variation 

 7) 

Analysis of 

Coding 

Results 

 

Figure 3.2. Flowchart of phase-one. 

 Phase-one. 

 Developing and assigning subcategorical codes. 

 After our class was over I coded the written reflections using an iterative coding process. 

This was a hybrid coding process where I began with an initial list of possible codes but started 

to modify this list as needed in a manner similar to open coding so that it accounted for the main 

differences in the data. As seen in other studies (Felton & Koestler, 2015), I started with 

reflection #1 until I had developed a system of coding that could account for the variations in the 

data and then I coded reflection #6 modifying the initial coding system until I had developed a 

list of codes that could account for similarities and differences found in both reflections. All 

coding was done using HyperRESEARCH qualitative software version 3.7.1 (2014). Based on 

my recollection of the PSTs written responses, and based on the literature review I constructed a 

tentative list of initial codes that I used to start coding the data. One group of codes addressed 

PST talk about mathematics and another group of codes focused on PST talk about mathematical 

ability. This early codebook is below (in Table 3.2) and served mostly as a lens to try and 

highlight talk that related the MAP framework.  
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Table 3.2 

 Initial Codebook 

Code Definition 

Codes for talk about mathematics 

 

Conceptual PSTs talk about mathematics in a way that emphasizes conceptual 

understanding of mathematical ideas beyond procedures. 

 

Procedural PSTs talk about mathematics in a way that emphasizes procedures to follow 

and/or facts to memorize. 

 

Inquiry/ Problem 

Solving 

PSTs talk about mathematics in a way that emphasizes engaging in the 

problem solving process. 

 

Topic Based PSTs talk about mathematics as a list of topics (i.e., algebra, geometry, etc.). 

 

Applied to Real 

World 

PSTs talk about the application of mathematics to the real world. 

Codes for talk about mathematical abilities 

 

Fixed PSTs talk about mathematics ability as fixed and innate instead of possibly 

changing. 

 

Not Fixed PSTs talk about mathematics ability as changing with effort. 

 

Ranking of 

Abilities 

PSTs talk about mathematics ability using some form of hierarchical ranking 

system (i.e., high/low, fast/slow, good/not good). 

 

Multiple 

Abilities 

PSTs talk about the many abilities that people have that can help them be 

successful in mathematics. 

 

 

 To begin, reflection #1 and #6 were coded as different HyperRESEARCH case files. 

Starting with reflection #1 I coded for talk about mathematics, then talk about ability, and then 

talk about themselves as mathematical learners. The process used for all three components of the 

framework was identical so I will explain it only for the first component. I refer to the chunk of 

text in which PSTs wrote about mathematics as a mathematical block. Any code assigned to a 

PSTs' mathematical talk was applied to the entire block. Now while most talk about mathematics 
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was contained in the questions that specifically pertained to mathematics this talk was coded no 

matter where it showed up in their responses. Additionally, if ever there was mathematical talk in 

a question not meant specifically to elicit that talk I added an additional "out of place" code so 

that I would not miss that talk in subsequent readings. These blocks varied in length but were 

usually around a paragraph to a half page long. It was within this mathematical block that I 

started the iterative process of developing codes for mathematical talk. 

Beginning with a few PSTs' responses I looked for trends in reflection #1, after a few 

readings I noticed the things that were commonly being addressed and I tried to develop 

subcategorical codes for talk about mathematics to explain what was being said. I continued this 

process until I had developed a coding schema that reflected how the PSTs most commonly 

talked about the different components of the framework in reflection #1. With regards to the 

mathematics category the three most common subcategories were understandings, applications, 

and process. This does not mean that all PSTs wrote about mathematics as something to be 

understood and applied, rather, these were the most common things that were addressed in 

different ways. This means some PSTs talked about mathematics as something to be understood 

and others did not, some PSTs mentioned mathematics applying to the real world and others did 

not, and some wrote about the mathematical process as very traditional whereas other PSTs 

included some standards-aligned processes. These subcategories highlight the topics in which 

mathematical talk commonly differed.  

In coding reflection #6 I found that while PST talk still varied along the same 

subcategories, for many PSTs, their talk had become much more detailed. For example, instead 

of mentioning mathematics as something to be understood many PSTs elaborated on what it 

meant to have deep understanding through specific examples (e.g., proving, explaining, 
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representing, etc.). When talking about applications not only did some PSTs say that 

mathematics applies to real life but they also elaborated on many applied uses of mathematics. 

Again, through an iterative process I found that subcategories developed earlier were refined in 

reflection #6 and I was able to define codes that highlighted the main differences within each 

category. To clarify the levels of coding, there was talk related to each component of the 

framework which I call the mathematics, ability, and people categories. Each category then had 

three subcategories which reflected the most common types of talk found in that category (shown 

in Table 3.3). Each of these subcategories then had three different codes highlighting how PSTs 

talked on a traditional to standards-aligned spectrum within that subcategory.  

Talk about ability had subcategories for talk about the nature of ability, how ability is 

demonstrated (as it does or does not relate to understanding), and the different mathematical 

skills people have. PST talk about themselves as mathematical learners had subcategories for talk 

about the nature of their ability, their different mathematical strengths, and their personal 

relationship with mathematics. A more detailed codebook along with examples of how the codes 

were applied to sample PST responses is in Appendix D. However, below is a condensed 

codebook (Table 3.3) highlighting the categories, subcategories, and codes in each subcategory. 

Furthermore, despite codes falling on a traditional/standards-aligned spectrum it is true that 

certain skills and processes agree with both visions of mathematics (e.g., both visions agree that 

procedural fluency is important). As such the codes assigned for standards-aligned talk refer to 

the skills/processes/etc. that are more strongly associated with a standards-aligned vision of 

mathematics (e.g., conceptual understanding and being able to communicate understanding). 

After this final codebook was developed all files were then recoded on 

HyperRESEARCH by applying one code per subcategory per PST per reflection. This means 
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someone would receive a single code for understanding, a single code for applications, and a 

single code for process in the mathematics category.  

Table 3.3 

MAP Codebook 

Mathematics category 

Understandings Applications Process 
U1*-The PST does not mention or 

imply that mathematics involves 

understanding. 

A1-The PST does not mention out-

of-school applications. 

P1-The PST talks about the 

mathematical process in purely 

traditional ways (e.g., procedures 

and computations). 

U2-The PST mentions or implies 

that mathematics involves 

understanding 

A2-The PST mentions that 

mathematics does apply to the real-

world. Or includes one application 

example 

P2-The PST talks about the 

mathematical process in one 

standards aligned way. 

U3-The PST mentions or implies 

two different ways that 

mathematical understanding is 

demonstrated. 

A3-The PST includes at least two 

real-world applications of 

mathematics. 

P3-The PST talks about the 

mathematical process in at least two 

standards-aligned ways. 

Ability Category 

Nature of Ability Demonstrating Ability Different Skills 
N1-PST talks about the nature 

ability in a fixed way (i.e., some 

people are naturally good). 

D1-PST does not talk about ability 

in reference to understanding (e.g., 

good is equated with being correct 

and fast). 

S1-PST only includes traditional 

skills. 

N2-PST talks about ability in a 

mixed way (i.e., being good is a mix 

of natural ability and effort). 

D2-PST mentions that someone 

good at mathematics has 

understanding. 

S2-PST includes one standards-

aligned skill. 

N3-PST talks about ability only in 

reference to the amount of effort 

applied. 

D3-PST elaborates on how 

understanding is demonstrated in at 

least two standard-aligned ways. 

S3-PST includes at least two 

standard-aligned skills. 

People Category-talk about themselves as mathematical learners 

Nature of Personal Ability Personal Skills Personal Relationship 
PN1-PST talks about their personal 

ability as fixed (i.e., naturally good 

or not good). 

PS1-PST only includes traditional 

mathematical skills when talking 

about themselves. 

PR1-PST talks about themselves and 

mathematics in a mostly negative 

way. 

PN2-PST talks about their ability as 

a mix of natural ability and effort. 

PS2-PST includes one standards-

aligned skill. 

PR2-PST talks about themselves and 

mathematics in a mixed way. 

PN3-PST talks about their ability 

only in reference to the amount of 

effort they have applied. 

PS3-PST includes at least two 

standard-aligned skills. 

PR3-PST talks about themselves and 

mathematics in a mostly positive 

way. 

*U1 is the code in the category of mathematics and the subcategory of understanding. This code 

means that a PST did not mention understanding. Each subcategory has three levels of codes 

with the level-one codes reflecting traditional talk and the level-three codes reflecting more 

standards-aligned talk. 

 

The codes were meant to be mutually exclusive. For example, someone could not be coded both 
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U1 and U2 because U1 does not include understanding and U2 does. Therefore, a PST would be 

assigned the code U2 if they mentioned understanding (even if they also talked about 

mathematics in other traditional more ways). In most subcategories receiving a higher level code 

involved saying things in place of, or in addition to, the lower level codes. In general, this means 

that most students received nine codes (three for mathematics, three for ability, and three for talk 

about themselves as a mathematical learner). However, if there were instances when a code 

could not clearly be applied it was left blank. For example, one PST wrote about playing music 

as a metaphor for doing mathematics in a way that did not align with some mathematics codes. 

Additionally, other PSTs talked about ability without ever referencing notions of fixed or not-

fixed ability.  

 Tabulating the ideas PSTs communicated. 

 What is interesting in the data is not just the quantity of different codes assigned to the 

PSTs but the actual PST talk. To clarify, if a PST mentioned their different mathematical 

abilities I also wanted to know what those abilities were and not just that they were mentioned. 

To address this I ran a report on HyperRESEARCH organized by code to generate a document of 

all U1 codes, all U2 codes, etc. This allowed me to read all instances of a particular code, and 

highlight the specific text responsible for the assigned code. I then tabulated the number of PSTs 

who communicated specific ideas within a single code. This was also a good way to ensure that 

my original codes had been applied consistently and correctly. When discrepancies or errors in 

coding were found, codes were revised accordingly.   

I discuss the above process of tabulating ideas within a single code in the context of the 

code S3 as the process was the same for all other subcategory codes. Again, S3 is under the 

category of ability and the subcategory of different skills/abilities. S3 is applied when a PST 
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mentions at least two standard-aligned mathematical skills that someone has. To start, I wrote 

down a list of the things I remembered were said and some things I thought would be said. Then 

I went through all S3 codes to see if there were other ideas communicated to add to my list. After 

reading over the final list I grouped things together that fit into the same idea like "group work" 

and "working well with others." Using this list I then went back through all S3 codes and 

tabulated the number of times a certain idea was communicated. I tabulated one time per person 

per idea. Therefore, if a PST said someone can be good with a calculator three different times I 

only tabulated one mark for calculator skills for that person on that reflection. After creating a 

similar list for S1 and S2 I had a master list of what was said by all PSTs about skills/abilities. 

This list was organized by ideas communicated, by code assigned, by reflection number, and by 

PST. A master list of ideas communicated for all subcategory codes (called the catalog of 

descriptors) that shows the actual number of occurrences of each idea organized by code and 

reflection number is included in Appendix E.  

Below is a sample list (Table 3.4) of the ideas PSTs communicated with respect to 

different skills/abilities. I refer to these lists as descriptors since it is not the actual PST written 

text but a heading which describes the ideas communicated. The list of descriptors below is 

organized by those that I considered traditional skills and skills that could be considered in-line 

with standards-based mathematics. However, many traditional skills also agree with a standards-

based vision of mathematics (e.g., procedural fluency) but are those skills more strongly 

associated with a traditional vision. Additionally, some things said lacked enough detail to make 

them clearly understood as standards-aligned. Often PSTs wrote about "solving problems" but 

did not elaborate on what problem solving meant in a way that made it clearly standards-aligned. 

Additionally, PSTs frequently talked about solving problems quickly in one's head and using 
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doing "mental math." However, here too PSTs did not distinguish between flexibly using 

properties of arithmetic in a way that made problem solving easier versus simply getting an 

answer quickly. 

Table 3.4 

Sample of Descriptors for Different Skills/Abilities 

Traditional skills 
 Good with numbers/ arithmetic/ calculations 

 Good with memorization 

 Good with equations/formulas/ 

traditional problems 

 Good at following directions (step by step) 

 Solving problems 

 Good at traditional topics (I'm good at algebra) 

 Mental math/solving things in your head 

 Paper and pencil 

 Must master previous topics first 

 

Standards-aligned skills 
 Asking questions 

 Stating MORE THAN traditional skills 

 Communication/collaboration/interaction/ 

teamwork 

 Explain/ teach 

 Think critically/ logic/ reasoning 

 Connect ideas/ apply previous knowledge 

 Organized/ neat 

 Can connect/apply knowledge to real world 

 Mentioned specific applications (as skills) 

 Visuals/drawing/modeling 

 Good at understanding/using multiple 

approaches 

 Good at solving puzzles/ creative/ think out of 

the box 

 Reading/writing 

 Studying 

 Taking notes 

 Identifying patterns 

 Interpreting problems 

 Justify/argue 

 Learn from mistakes 

 

 Axial codes. 

 Concurrently to the above coding process I developed axial codes that cut across 

subcategories and framework categories. Within a framework category an axial code was used to 

apply a single code to the category (a categorical code) based on the codes assigned to the three 

subcategories. To clarify in the context of mathematics, a PST would be assigned one code for 

their overall mathematics talk (a mathematics category code) based on the codes they were 

assigned for understanding, applications, and process (the subcategory codes). The category 
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codes assigned to each framework category are: Traditional (T), Emerging (E), Approaching (A), 

and Research/Standards-based (R). Basically, traditional talk means mostly in-line with 

traditional conceptions, emerging talk means it has some standards-aligned aspects, approaching 

talk has many standards-aligned aspects, and research/standards-based talk is entirely (or almost 

entirely) standards-aligned. Clearly, each category code needs to be understood in the context of 

its framework category. For example, traditional conceptions of mathematics include that 

mathematics is procedural and based heavily on memorization. Whereas traditional conceptions 

of mathematics ability pertain to being fast, begin correct, being able to follow step-by-step 

directions, and ascribe to fixed notions of ability. The specific application of these codes, and 

thereby the specific definitions, are discussed in more detail below.  

 After receiving a single code for each category PSTs were assigned two other axial codes 

for all their talk an overall MAP code and a code for the variation between their category codes. 

The possible overall MAP framework codes are the same as the categorical codes (i.e., T, E, A, 

and R). The codes for between category variation are: Strongly Aligned, Related, Varied, and 

Conflicting. Again, the specific application and definitions of these codes follows. In the sections 

that follow I first clarify how a PST was assigned a category code (T, E, A, and R), then I will 

discuss how a PST was assigned an overall MAP code for all of their talk (T, E, A, and R), and 

then lastly I discuss how a PST was assigned a code for between category variation. The order of 

the application of codes is demonstrated in Figure 3.3. 

Assigning categorical codes. 

 In this section I explain how PSTs were assigned codes for each category along a 

spectrum from traditional to standards-aligned that reflects the variations in talk found in these 

PSTs according to the codes developed. Across the two subcategories that coded for talk of 
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ability as fixed or not fixed
3
 about 25.6% of possible codes were left blank, but in the remaining 

7 subcategories only about 1.6% of all possible codes were left blank.  

 

Assigning  codes to 

subcategories 

 Assigning categorical codes  Assigning overall MAP and 

variation codes 

Mathematics  

 

 

Mathematics talk 

(T, E, A, or R) 

  

 

 

overall MAP code for all 

talk (T, E, A, or R) 

 

 

Code for between category 

variation 

(strongly aligned, related, 

varied, or conflicting) 

U1* A1 P1 

U2 A2 P2 

U3 A3 P3 

Ability   

Ability talk 

(T, E, A, or R) 

 

N1 D1 S1 

N2 D2 S2 

N3 D3 S3 

People   

Talk about themselves as 

mathematical learners 

(T, E, A, or R) 

PN1 PS1 PR1 

PN2 PS2 PR2 

PN3 PS3 PR3 

Figure 3.3. Flowchart of code applications. 

 

* The shaded blocks under each framework category are meant to represent possible subcategory 

codes a PST received. 

 

 

However, all PSTs received at least 2 subcategory codes per framework category which were 

used to assign a categorical code. Based on the three possible codes in each framework category 

the categorical codes were assigned as shown in the Table 3.5 below. The grey blocks are meant 

to show the codes assigned to each subcategory. A traditional (T1) code represents a PST 

receiving a level-one code for all three sub-categories in a framework category. Traditional (T2) 

shows the leftmost column being coded level-two but it is meant to represent any time a PST had 

two level-one codes and a single level-two code. For example, if a PSTs' mathematics talk was 

coded as U2, A1, P2 then this would be comparable to E1 and they would be assigned the code 

emerging (E) for their mathematics category talk.  

                                                           
3
 The two subcategories which referenced the nature of ability were N and PN. The data shows that about one fourth 

of PST responses didn't make references to whether or not ability was fixed or not fixed. 



63 
 

Table 3.5 

Assignment of Categorical Codes 

Traditional (T1) 

   

   

   
 

Traditional (T2)* 

   

   

   
 

Emerging (E1) 

   

   

   
 

Emerging (E2) 

   

   

   
 

Approaching (A1) 

   

   

   
 

Approaching (A2) 

   

   

   
 

Reform (R) 

   

   

   
 

 

*This shows a level-two code in column one but is meant to reflect if the level-two code was in 

any of the columns. 

 

 

 Initially, before using the sub-codes T1, T2, E1, E2, A1, A2, and R the codes were 

simply labeled #1-7 to reflect the different possible levels along a spectrum. These seven 

different levels could not evenly be divided into the four categorical codes (T, E, A, and R) so I 

created histograms and tables displaying the results for both reflection #1 and #6 so that codes T, 

E, A, and R could be assigned to the different levels #1-7 in a way that highlighted the maximum 

differences in PST talk. The sub-codes T1, T2, E1, E2, A1, A2, and R remain to reflect the seven 

possible levels and were used for further, more detailed, within category analysis. The above 

table shows how codes were applied in the simplest cases but many other coding outcomes 

occurred and are covered in Table 3.6. Table 3.6 shows how different coding outcomes were 

equated with those from Table 3.5 for the sake of assigning a category code. When a PST was 

assigned codes in only two subcategories (due to one code being left blank) then the blank 

column would be placed equal to the lower of the two values (for the sake of erring on the side of 

caution). However, if there was a two space jump between those values (e.g., U1 and A3) then 

the missing value would be placed in the middle. This does not mean that PSTs were assigned 

codes reflecting talk that was not evident. Rather, this simply describes a method for equating 
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values to assign categorical codes. Furthermore, if a PST was assigned all three subcategorical 

codes and there was a two space jump between values (e.g., U1, A1, P3) then two values would 

basically be "averaged" and meet in the middle when determining the categorical code. 

Examples in Table 3.6 demonstrate these possible variations in coding where the subcategorical 

codes received in the left column would be assigned a categorical code equivalent to the right 

column. 

Table 3.6 

Assigning Categorical Codes in Different Scenarios 

Subcategory 

codes assigned 

Description and Justification of Modification Equivalent 

category code 

 

Example A 

   

   

   
 

A) Here since there is a two-space jump the left two columns were 

essentially averaged to meet in the middle. This makes sense because 

emerging means talk has some standards-aligned ideas. Furthermore, 

this coding does not specify whether those ideas must be in one 

subcategory or spread across different subcategories. Additionally, the 

code on the right now aligns with the levels T1, T2, E1, E2, A1, A2, 

and R.  

 

Emerging 

(E1) 

   

   

   

 
 

Example B 

   

   

   

B) Here since the values are the same the blank column would be 

assigned the same value. Thus having no effect on the categorical code. 

Essentially, if I averaged the two codes on the left they would equal the 

average on the right (i.e., 
     

 
 

       

 
 ). This means that the 

omission of a single code would not count a zero into the average. The 

lack of talk in a subcategory is not equivalent to traditional talk.  

Emerging 

(E2) 

   

   

   

 

Example C 

   

   

   
 

C) Here the blank column would be assigned the lower of the two 

values. This would err on the side of caution and assign a slightly lower 

rather than slightly higher value. This is necessary so that the code 

maps onto the previously defined levels (T1, T2, E1 etc.). To simply 

average the code values as they are on the left would not map onto the 

previously defined codes.  

Traditional 

(T2) 

   

   

   
 

 

Example D 

   

   

   
 

D) Here the blank column in the middle was assigned a value in the 

middle of the two other values and those two values would also be 

"averaged." this is comparable to B) above where the overall average 

block values would still be equivalent. 

Emerging 

(E2) 

   

   

   
 

  

 Assigning overall MAP codes. 

  The categorical codes from each framework category (above) were then used to assign 
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an overall MAP code (T, E, A, and R) for all of a PST's talk. This method for assigning these 

codes is shown in Table 3.7. Basically, if talk was mostly traditional it would be coded 

traditional (T), if it was mostly emerging it would be coded emerging (E), etc. This means that if 

at least two of the three columns showed a particular code (as shown below) then the PST would 

be assigned that code for their overall talk. Table 3.7 below also uses sub-codes (T, HT, LE, E, 

HE, LA, A, HA, LR, and R) to highlight all possible levels on a spectrum. These sub-codes are 

defined in Table 3.7 as well. Since there were never any missing categorical codes for the 

framework categories we only need to consider coding possibilities where there are larger jumps 

between the codes assigned to each category. 

Table 3.7 

Assigning Overall MAP Code 

Traditional Emerging 

Traditional 

(T) 

 

T T T 

E E E 

A A A 

R R R 
 

High 

Traditional(HT)* 

T T T 

E E E 

A A A 

R R R 
 

Low 

Emerging 

(LE) 

T T T 

E E E 

A A A 

R R R 
 

Emerging (E) 

 

T T T 

E E E 

A A A 

R R R 
 

High 

Emerging(HE) 

T T T 

E E E 

A A A 

R R R 
 

Approaching Reform 

Low 

Approaching 

(LA) 

T T T 

E E E 

A A A 

R R R 
 

Approaching 

(A) 

 

T T T 

E E E 

A A A 

R R R 
 

High 

Approaching 

(HA) 

T T T 

E E E 

A A A 

R R R 
 

Low Reform 

(LR) 

 

T T T 

E E E 

A A A 

R R R 
 

Reform (R) 

 

 

T T T 

E E E 

A A A 

R R R 
 

*This specific example represents traditional codes for the mathematics and ability categories 

and an emerging code for the people category however, it is meant to reflect two traditional 

codes and one emerging code in any of the categories. 
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The table above demonstrates when all three category codes are equivalent (e.g., A, A, A) or off 

by one space (e.g., A, A, E). However, if ever there was a two or three space gap between values 

those values would essentially be "averaged" similar to assigning the category codes. Table 3.8 

shows how the columns on the left would be assigned an overall MAP code equivalent to those 

on the right.  

Table 3.8 

Examples of Variations in Categorical Codes 

Categorical codes 

assigned 

Description and justification of the Modification Equivalent overall 

MAP code 

 

T T T 

E E E 

A A A 

R R R 
 

The right two columns would be averaged and given an overall 

code equivalent to the code on the right. Again, an emerging code 

has some standards-aligned ideas but this coding does not 

distinguish if those ideas are in one framework category or if they 

are spread among framework categories. Additionally, both of 

these two coding outcomes would have the same numerical 

overall average if T, E, A, and R were assigned values of 0, 1, 2, 

and 3 respectively. 

Low Emerging 

T T T 

E E E 

A A A 

R R R 
 

 

T T T 

E E E 

A A A 

R R R 
 

The right two columns would each shift up one space and down 

space respectively as shown in the right. Same reasoning as above, 

standards-aligned talk could be contained in one framework 

category or spread among multiple. Both of these outcomes would 

also receive an equivalent overall average.  

High Emerging 

T T T 

E E E 

A A A 

R R R 
 

 

 Assigning codes for between category variation. 

 The categorical codes were then used to assign the codes for between category variation. 

Strongly aligned was used when all categories received the same code, related was used when 

there was a one-space difference between highest and lowest codes, varied was used when there 

was a two-space difference between highest and lowest codes, and conflicting was used when 

there was a three-space difference between highest and lowest codes. A description of these 

codes follows in Table 3.9. 
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Table 3.9 

Codes for Between Category Variation 

Strongly aligned 

T T T 

E* E E 

A A A 

C C C 
 

Related 

T T T 

E E E 

A A A 

C C C 
 

Varied 

T T T 

E E E 

A A A 

C C C 
 

Conflicting 

T T T 

E E E 

A A A 

C C C 
 

*This shows when all three categories were coded emerging (E) but it is meant to reflect all 

categories with an equivalent code. 

 

 Assigning codes for within category variation. 

 

 After assigning codes for between category variations I decided to code for within 

category variations. That is, within all mathematics talk I decided to look at how codes for 

understanding compared to the applications and process codes. This is equivalent to between 

subcategory variation within a given category. Specifically, I looked to see if all codes were at 

the same level (e.g., U2, A2, P2), if there a one-level difference (e.g., U1, A2, P2), or if there 

was a two-level difference (e.g., U2, A3, P1). This was done for all framework categories and 

these within category variation codes were simply called "same," "off one," and "off two." The 

previous codes of strongly aligned, related, etc. could not be used for within category variation 

since this variation could only be off by at most two spaces instead of three. After all codes had 

been applied a master Excel file was created which organized the codes assigned by person, by 

reflection, by framework category, and by subcategories. This was used to help organize data, 

run basic statistical functions, and generate graphs. 

 Analysis of phase-one coding results. 

 Once all codes had been applied in phase-one the analysis of the phase-one coding results 

began. This involved running reports on HyperRESEARCH for the number and type of codes 

assigned to the PSTs for both reflection #1 and for reflection #6. As the same analysis was 
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completed for all three framework categories I will discuss the analysis process for the 

mathematics category. First, I ran a report for the number of codes U1, U2, U3, A1, A2, A3, P1, 

P2, and P3 applied to both reflections. Based on these results I was also able to determine how 

times many subcategory codes were not assigned. For example, if the total number of P1, P2, and 

P3 codes added up to 42 (instead of 44) then I knew that two PSTs were not assigned a code in 

that particular subcategory. Then I ran the report for the mathematics category codes (T, E, A, 

and R) for both reflections. From here I tabulated the difference in categorical codes per person. 

That is, if someone was coded E on reflection #1 and then A on reflection #6 they would have 

been recorded as going up 1 categorical code. For all data, above and below, I also generated 

graphs to visually demonstrate quantities of codes to help identify trends. I ran basic statistical 

functions like taking the mean of certain data sets as another way to help understand overall 

trends. As one example, I averaged the number of places all PSTs went up (or down) between 

reflections with respect to their mathematics category code. As another example, I often equated 

codes with numerical values to determine averages as one way to observe group trends (e.g., 

U1=1, U2=2, U3=3) Next, I tabulated the quantity and types of codes for within category 

variation (i.e., "same," "off one," or "off two"). After tabulating the number and type of within 

category variations I then mapped those variations. For example, for all off one-level codes I 

examined the source of the variation (i.e., what subcategory codes were lower and higher). This 

was also completed for all off two-level codes. This highlighted the most common kinds of 

between subcategory variations and the sources of those variations. This analysis gave an overall 

picture of talk about mathematics in reflection #1 and reflection #6, how the talk changed 

between reflections, how the talk varied within the mathematics category, and the sources of 
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those variations. This is in addition to the previously mentioned analysis where I cataloged all 

the ideas communicated by the PSTs in reference to these codes.   

 After performing an identical analysis for the other two framework categories I 

performed a similar analysis for the overall MAP and between category variation codes. 

Specifically, I ran the HyperRESEARCH reports for reflection #1 and reflection #6 for the 

overall talk codes (T, E, A, and R). Additionally, I tabulated the per person change in their codes 

between reflection #1 and reflection #6. That is, if someone was coded E on reflection #1 and 

then A on reflection #6 they would have been recorded as going up one level for their overall 

MAP code. Next I ran the reports on the codes for between category variation. This identified the 

number of responses that were strongly aligned, related, varied, and conflicting. Similar to 

above, I then went through all related, varied, and conflicting codes to identify the sources of the 

variations. I explain what this looks like in the context of the related codes as the other codes 

were treated in a similar manner. To be coded related meant that there was a one-level difference 

between a PSTs' highest and lowest categorical codes. This means that one category had to be 

coded one level higher or lower than the other categories. Thus all possibilities would include 

mathematics talk being higher or lower (M+1 or M-1), ability talk being higher or lower (A+1 or 

A-1), or talk about themselves being higher or lower (P+1 or P-1). I created a table of all possible 

outcomes and tabulated the number of occurrences of each for all responses that were coded 

related.  

 An analysis of codes like strongly aligned, related, etc. and the sources of those variations 

is one way to understand how talk in one framework category relates to talk in other framework 

categories. However, using the above data I was also able to look at how framework categories 

relate in other ways by organizing/grouping data by any given framework categories or sub-
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category. Rather than looking at all the categorical codes received by all PSTs at once I could 

look at the codes received by PSTs with a given category or subcategory code. I explain what 

this grouping analysis looks like with respect to the people category. For example, I looked at the 

mathematics and ability category codes assigned to all PSTs who were assigned a traditional 

codes, emerging codes, approaching codes, and research/standards-based codes for their talk 

about themselves as a mathematical learner. Again, all findings were put into tables and graphs 

to help demonstrate relationships between and within categories.  

 Phase-two. 

 After the phase-one coding and analysis I had a complete map of PST talk for reflection 

#1 and reflection #6 for the whole group and for each participant. Below I discuss how I used the 

data to select interview participants and how I analyzed and coded the interviews. Following this, 

I discuss another set of codes that describe how PST talk changed over time (from reflection #1 

to reflection #6 and to the interview data). Lastly, I discuss how I selected illustrative examples 

of PST talk to represent common and uncommon trends in how talk changed over time. 

 Selection of interview participants. 

 Based on the phase-one analysis, I selected and interviewed 14 level-two participants 

(interview participants) who represented a wide spread of the results (shown in Table 3.10). I 

selected participants with low amounts of standards-aligned talk to high amounts of standards-

aligned talk, in each category and across categories. I chose participants whose talk between 

categories was strongly aligned, related, varied, and conflicting. I selected participants whose 

talk changed very little between reflection #1 and #6 and participants whose talk changed a lot. 

While the data for all PSTs will be in the findings chapter I include some data about the level-

two participants to highlight the variety in their talk.  
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Table 3.10 

Sample of Level-Two Participant Data 

 Codes Assigned 

PST SEX Reflection #1 Reflection #6 

M* A P MAP M A P MAP 

#1 F A** E A A R A A A 

#2 M T T T T E A E E 

#3 F E E E E R R R R 

#4 F T E E E T R A A 

#5 F T E E E E A A A 

#6 F T T E T A A A A 

#7 F E E T E R E T E 

#8 F T T E T T E E E 

#9 M T E T T E A T E 

#10 F T A E E R R A R 

#11 F E A E E A A A A 

#12 F E T T T A R R R 

#13 F E E E E R R R R 

#14 F T E A E A R R R 

*M, A, P, and MAP correspond to the different categories and the overall framework code. 

**Traditional (T), emerging (E), approaching (A), and research/standards-based (R) correspond 

to the codes assigned. 

 

 

 Analysis of interview data. 

 After all interview recordings were transcribed I coded them using the same coding 

schema developed in phase-one. Again, the interview was divided into two different parts (as 

previously described). For the analysis of part one I regrouped PST responses by specific 

questions. This allowed me to read and code all PST responses to a single question and identify 

trends in PST talk within a single question. However, I found that due to the nature of the 

questions asked during part one of the interview the codes developed in phase-one could not be 

applied completely or consistently to many of the PST responses. Additionally, I found that some 

aspects of talk related to the MAP framework did not address the research questions. For 

example, when I asked PSTs to talk about their former mathematics class many of them talked 

about that class in a traditional way. However, this does not mean they talked about mathematics 
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(in general) in a traditional way. Rather, the responses given were a description of a specific 

class which actually could have been quite traditional.  

 However, during part two of the interview I found that the coding schema could be 

applied consistently due to its parallel structure to the written reflections and alignment with the 

research questions. Part two of the interview involved two main aspects. In the first part PSTs 

created three mind-webs (about mathematics, mathematical abilities, and themselves as a 

mathematical learner) and told me about what they included. In the second part I emailed the 

PSTs their former responses (from reflection #6) and three mind-webs I created of those 

responses. After this we discussed any differences they noticed I asked them to clarify any 

contrasting views. As such, I applied the complete MAP coding schema twice in the second part 

of the interview. Once I applied it to their mind-webs (and their talk about their mind-webs) and 

a second time after they had looked over their former responses and my mind-webs of their 

former talk. In doing this analysis I highlight how talk shifted over the course of a year and then 

how talk shifted within the course of an interview. This is in addition to the changes found 

during our content course (phase-one). However, as mentioned before the PSTs' responses 

during the interview were a result of a back and forth dialogue and many of their responses could 

have been influenced by my participation. Furthermore, the shift in talk after seeing their former 

responses (reflection #6) was directly impacted by those responses and may not reflect an 

authentic of long-term shift in talk. 

Codes for changing talk.   

The Interview participants (phase-two participants) were assigned the complete coding 

schema (as described in phase-one) for reflection #1, reflection #6, their mind-web, and their talk 

after reading their former responses and my mind-web. I refer to these four points in time as 
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coding points one (CP1), two (CP2), three (CP3), and four (CP4) respectively. I performed many 

of the same analyses to the codes assigned during the interview that I described in phase-one. For 

example, I analyzed the quantity of specific codes assigned during the interviews and the group 

averages to help identify overall trends. Furthermore I created chronological graphs and tables to 

determine how individual codes changed and how group average codes changed across all four 

coding points in this study. I then created a series of codes to describe patterns of changing talk. 

For example, up (U) was used to describe talk that maintained or increased amounts of 

standards-aligned talk across the four coding points. Up-down (UD) was used to describe talk 

that became more standards-aligned and then less standards-aligned. The list of possible codes 

includes up (U), up-down (UD), up-down-up (UDU), down-up (DU), down (D), and same (S). 

Based on these code patterns I then applied one pattern code to each interview PST for all 

category and subcategory codes they were assigned. This means that each PST had 14 pattern 

codes which helped describe how their talk changed in the nine subcategories, the three 

framework categories, and their overall MAP code. Lastly, I organized these pattern codes by 

their respective categories and subcategories. This allowed me to see the types and quantities of 

change patterns PSTs evidenced with respect to any given code so that I could better understand 

individual and group-wide trends with respect to any aspect of talk in the MAP framework. 

Illustrative examples of PST talk.   

I then used the data from the interview participants to generate illustrative examples of 

PST talk. These are examples that demonstrate common occurrences of talk, as well as, unique, 

divergent, and informative examples of talk (Yin, 2011). In identifying examples I used both a 

time-series (or chronological) analysis and a pattern matching (or cross-case) analysis (Yin, 

2011). This means I analyzed the data from all four coding points in chronological order while 
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also comparing across participants at each coding point. This was to identify the trends in change 

over time and the trends across participants at any moment. I found that there were some 

common trends in how different codes went up and/or down between coding points (i.e., talk 

became more and/or less standards-aligned) and how codes were related to other codes (i.e., 

which codes were more standards-aligned than others). Furthermore, different trends were 

evident at different coding levels (i.e., overall MAP codes, categorical codes, subcategorical 

codes, and codes for between category variation). In addition, there was also talk evidenced that 

did not change in ways consistent with the majority of the PSTs interviewed. A more detailed 

discussion of the trends in changing talk is presented in chapter four. Furthermore, the, common 

and uncommon examples of how talk changed across the four coding points are presented at the 

end of chapter four.  

Trustworthiness 

Despite my hopes for the insight this study can provide it is also limited through the 

methods employed in both data collection and analysis. For instance, what PSTs told me may not 

be what they tell themselves, or others, which could make their talk inaccurate or inauthentic 

(Creswell, 2009; Sfard & Prusak, 2005). Additionally, there is the inherent power difference 

between myself as the instructor and the PSTs being studied which adds to the possibility of 

PSTs telling me what they think I want to hear. To address this concern I told the PSTs explicitly 

that I want their answers and that they are not graded on what they write, they are simply given 

credit for completing the assignment. Another way I addressed this concern was by having 

another faculty member collect the consent forms and keep them from me until after final grades 

were assigned. Creswell (2009) also wrote how not all people are equally perceptive or articulate 

in their writing and therefore while written documents provide concrete artifacts for analysis they 
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could also vary from how someone would describe themselves in a different format or if they 

were interviewed in a different context. Interviewing the PSTs helped by providing another data 

source to corroborate and clarify findings. Additionally, interviewing the PSTs after the class 

was over hopefully helped reduce the power difference. However, the time gap between the 

course and the interviews could also be considered a limitation as it may have affected what the 

PSTs recalled. Furthermore, my participation in the interview could have influenced what the 

PSTs said. This could have happened by PSTs wanting to please me with their answers but I also 

could have unintentionally cued PSTs during our interactions. Lastly, PST talk at the end of the 

interview was definitely influenced by reading their previous responses from reflection #6 and 

this may not reflect authentic talk. 

Both the power and limitations of qualitative studies have to do with how highly 

contextualized they are (Creswell, 2009). This study can provide very insightful information but 

the generalizability of that information may also be restricted to courses with similar goals and 

activities. For example, a class that focuses more on social justice (SJ) or critical aspects of 

mathematics education may help students develop different conceptions of mathematics in their 

talk that are not evidenced in the codes I identified in this project. Through many of these design 

choices I am also showing my bias. That is, I am demonstrating issues I think are important to 

address and in doing so I may be more prone to interpret data in a way that highlights those 

issues. This again, can be viewed as a weakness in the study or as an analytical lens. Either way, 

I cannot claim that I do not have hopes for the findings. In fact, I do hope to show a strong 

connection between different aspects of talk and to show a shift towards more standards-aligned 

talk.  
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To address this bias, I will seek out and highlight contrary examples in the data and 

provide detailed findings in the PSTs own words. This is in-line with Creswell’s (2009) 

recommendations that providing “thick” descriptions and contradicting stories can add to the 

validity of the findings. As mentioned earlier, I have specific views about mathematics teaching 

and learning and I have specific hopes for this course and the vision of mathematics it promotes. 

This bias may show up in the categories and codes I developed but it could have also affected my 

selection of the level-two participants and my description of the findings. Using multiple data 

sources and member check methods does help minimize my bias and potential errors in my 

interpretation (Corbin & Strauss, 2008; Creswell, 2009). Ultimately, while I do hope to provide 

an accurate description of the findings it will still be my description of others’ talk. 

Conclusion 

 This chapter described the methodology to be used in addressing the research questions 

about how PSTs talk about mathematics, mathematical abilities, and themselves as mathematical 

learners. I provided a description of the study context and participants. After this I discussed 

qualitative methods as it pertains to this analysis. In the sections following I described how I 

used those methods to inform the data collected (written reflections and interview documents) 

and how that data was analyzed to answer the research questions. Lastly, I concluded with a brief 

discussion of the trustworthiness of this study. 
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CHAPTER 4: FINDINGS 

Overview of Chapter 

 This Chapter summarizes the findings from the written reflections and the interview data 

as they relate to the following research questions: 

 1) How did PSTs in a mathematics content course for future elementary school teachers  

 talk about mathematics, mathematics ability, and themselves as mathematical learners?  

 2) How did PST talk about mathematics, mathematical ability, and themselves 

 as mathematical learners relate to one another?  

 3) How did PST talk about mathematics, mathematical ability, and themselves 

 as mathematical learners change (if at all) during this project? 

This chapter answers the first two questions in order. That is, there are sections on how PSTs 

talked about mathematics, mathematical ability, themselves as mathematical learners, and then a 

section on how these ways of talking related to one another. The third research question about 

how talk changed is addressed within the previous sections. For example, when discussing the 

findings on mathematical talk I simultaneously discuss how that talk did or did not change 

between the different data sources. Lastly, I present illustrative examples of PST talk that cut 

across all the data sources and highlight many of the findings.  

How Did PSTs Talk About Mathematics? 

 Within this section I first present the findings from the written reflections and then the 

findings from the interview data. I found that mathematical talk generally became more 

standards-aligned during our content course despite some PSTs experiencing talk replacement 

with their applications talk (explained in more detail below). Furthermore, I found that PSTs who 

evidenced to most traditional talk on reflection #1 also evidenced the most changes in their talk 



78 
 

in reflection #6. Lastly, I found that across the four coding points PST talk generally became 

more standards-aligned, then less standards-aligned, and then more standards-aligned again (the 

UDU pattern).  

 Findings from written reflections: talk about mathematics.  

 Changing mathematical talk. 

 Within the framework category of mathematics PST talk had, in general, more attributes 

in-line with standards-based mathematics in reflection #6 than reflection #1. For example, it was 

more common for PSTs to talk about mathematics as something to be understood through 

communication, representation, and solving a problem in a variety of ways. This can be seen in 

Table 4.1 (below) where more PSTs received higher level codes in all three mathematical 

subcategories in reflection #6.  

Table 4.1 

Codes Assigned in Mathematical Subcategories 

 Mathematical Understandings Mathematical Applications Mathematical Process 

Reflection No 

Code 

U1 U2 U3 Avg. No 

Code 

A1 A2 A3 Avg. No 

Code 

P1 P2 P3 Avg. 

#1 

0 25 19 0 

 

1.43 1 14 18 11 

 

1.93 1 21 23 0 

 

1.56 

#6 

2 4 21 17 

 

2.31 1 7 17 19 

 

2.28 0 4 17 23 

 

2.43 

 

    

 

+.88 

     

+.35     

 

+.87 

 

 

Key* 

U1-No mention of understanding. 

U2-Mentions understanding. 

U3-Elaborates on understanding. 

A1-No mention of applications. 

A2-Mentions applications. 

A3-Elaborates on applications. 

P1-Only traditional processes. 

P2-Some SB** processes. 

P3-Multiple SB processes. 

*Brief coding definitions. For full definitions please see chapter 3. 

**SB used as an abbreviation for standards-based. 

 

Table 4.1 shows that more standards-aligned talk occurred in reflection #6 however, it 

does not give a clear picture of what exactly that talk looked like. In addition to the quantity of 

standards-aligned talk increasing, the type of standards-aligned talk also changed between the 
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two reflections. This means that there were also ideas PSTs communicated in reflection #6 that 

were not present in reflection #1. Some of these results are shown below in Table 4.2 which is an 

excerpt of the tables in Appendix E (the catalog of descriptors) that shows the number of PSTs 

who communicated which ideas in which reflections.  

Table 4.2 

Sample of Ideas Communicated About Mathematical Understanding 

Descriptors for understanding Reflection #1 Reflection #6 

U1 

(25)* 

U2 

(19) 

U3 

(0) 

U1 

(4) 

U2 

(21) 

U3 

(17) 

How understanding is demonstrated 

Should be understood through modeling/visualizing  3**   4 6 

Requires relating previous knowledge/making connections/ 

understanding relationships 

 3   4 1 

Understand multiple solutions, methods, perspective      8 

Demonstrate understanding through communication      13 

*Indicates the number of PSTs who were assigned a particular code for a given reflection. 

**Indicates the number of PSTs with a given code who communicated a specific idea.  

 

Table 4.2 shows that in reflection #6 13 PSTs mentioned that mathematical 

understanding is demonstrated through communicating and that eight PSTs mentioned 

understanding multiple solutions, methods or perspectives. In contrast, no PSTs communicated 

those ideas in reflection #1. Also as seen in the tables in Appendix E, when PSTs talked about 

mathematical understandings, processes, and applications in reflection #6 there were a number of 

PSTs who started to use "more than" or "not just" talk. That is, they talked about mathematics as 

being more than just computations, more than memorization, and more than just getting answers. 

As the PST Kara said "math is not [emphasis added] just solving a problem" (Kara, written 
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reflection #6). The tables in Appendix E show the most common ways that PSTs talked about 

mathematics across all subcategories and for both reflections.  

At the beginning of the course (reflection #1) it was common for PSTs to talk about 

mathematics in traditional ways (e.g., involving numbers, equations, formulas, solving 

something, etc.). Furthermore, at the beginning of the course, PSTs often talked about 

mathematics as applying to the real world and as something to be understood. Although at the 

end of the course (reflection #6), PST talk included more aspects of standards-aligned visions of 

mathematics, this did not mean that PSTs stopped talking about things more commonly 

associated with traditional perspectives of mathematics. In fact, some PSTs still talked about 

mathematics in traditional ways (e.g., solving, numbers, formulas and algorithms, etc) while they 

also mentioned more standards-aligned ideas (e.g., mathematics involves solving a problem in 

many ways and communicating understanding). 

 However, this emphasis on changes in talk is not meant to imply that all PSTs 

experienced a change in talk between the two reflections. In fact, some PSTs’ talk changed very 

little or not at all in each framework category and subcategory. Below is such an example where 

Sam was still assigned mostly lower level codes at the end of the course (reflection #6). In Sam's 

reflection she does not talk about mathematics as existing outside the classroom (A1), she never 

mentions understanding (U1), and she mostly talks about mathematics as formulas, numbers, and 

getting a solution. However, she does mention one standards-based mathematical process (i.e., 

using a variety of methods P2). 

 To me Mathematics is the science of numbers and the relationships between them. That is 

 expressed using all kinds of different symbols, used to find a solution or relationship to a 

 math problem. Math continues to be one of my least liked subjects. However I do feel as 
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 if my thoughts and ideas have changed a little throughout the semester. I feel like I 

 now see math in different ways than before. My idea of doing mathematics and what it 

 looks like, is having a problem and using formulas, equations, or menial [mental] math to 

 solve it and find the correct answers by using a variety of methods to get the same 

 solution. My thoughts on what it means to do mathematics hasn’t changed much, 

 however in this class I did see more than one ways of solving different mathematical 

 problems. I really liked that because not everybody learns the same way and has the same 

 preferences. (Sam, written reflection #6) 

Sam was assigned an overall mathematical category code of traditional (T) based on her 

subcategory codes. So while most PSTs did experience an increase in standards-aligned talk it is 

important not to generalize this finding, or any of the subsequent findings, to all the PSTs in this 

study. 

 Talk about mathematical applications. 

 At the beginning of the course (reflection #1) it was actually quite common that PSTs 

wrote about mathematics as applying the world. Some PSTs (n=11 as seen in Table 4.1) also 

included multiple examples of applications (e.g., shopping, balancing budgets, construction, 

etc.). Additionally, it was found in reflection #6 that there was also an increased emphasis on 

applications (in general). However, despite this general increase the subcategory of applications 

differed most strongly in its outcomes compared to the other two subcategories. At the beginning 

of the course (reflection #1), the subcategory of applications received the highest average score 

across all participants and at the end of the course (reflection #6) it received the lowest overall 

average as seen above in Table 4.1. This means that if PSTs talked about mathematics in 

standards-based ways in reflection #1 they were more likely to talk about it as having 
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applications beyond the classroom whereas in reflection #6 they were more likely to place 

greater emphasis on mathematical processes and understandings. Table 4.1 shows that on 

reflection#1 11 PSTs were assigned codes of A3 (multiple examples of applications beyond the 

classroom) but no PSTs received codes U3 (elaborated on mathematical understandings) or P3 

(elaborated on mathematical processes).  

 Below is an example from a PST, Kara, demonstrating this occurrence. Kara's first quote 

is her talk about mathematics in reflection #1 in which she talked about the mathematical process 

in traditional ways (i.e., equations and solving P1) and did not mention understanding (U1). 

However, she did elaborate on many applied uses of mathematics (i.e., buy, sell, count, and 

measure A3).  

 To me mathematics is numbers and equations. Mathematics is part of everyday life and is 

 used by everyone. It is used to combine values in use for data and other purposes. 

 Mathematics is used when building things, buying things, selling things, and in numerous 

 other ways. In my opinion to do mathematics is to solve a math problem or to complete 

 an action that involves math. You do mathematics when you buy, sell, count, and 

 measure. We often do mathematics without even thinking about it. Simple mathematics 

 becomes second nature to us. (Kara, written reflection #1) 

The next quote is an excerpt from Kara's reflection #6 where she now mentioned mathematics 

applying to the real world (i.e., something we use everyday A2), as something to be understood 

(i.e., understanding why they work U2), and included multiple mathematical processes in-line 

with standards-based mathematics (i.e., coming together, imagination, think outside the box, and 

different ways to solve problems P3).  
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 To me mathematics is numbers, equations, and word problems. Math is something we use 

 everyday in various aspects of life. Math is not just solving a problem to find one answer. 

 Sometimes there are multiple answers or no answer at all. Mathematics is problem 

 solving, thinking, and persistence coming together for one common goal. In the 

 beginning of the semester I thought of math as just solving a problem with numbers and 

 equations to get one correct answer. I did not think of all the different aspects of math and 

 its purpose. I understood math was something we use everyday but not to the extent I do 

 now. I also didn’t think about the different ways someone can be “good” at math. To do 

 mathematics is not just to solve a math problem to get one answer but it is using your 

 knowledge, problem solving skills, patience, imagination and many other things work 

 together to think outside the box. It is not just solving a problem but finding different 

 ways to solve problems and understanding why they work. (Kara, written reflection #6) 

The change in emphasis away from applications between reflection #1 and #6 can also be seen in 

Table 4.3 which shows the types of between subcategory variations for each PST. To clarify, 

when a PST received codes in all three subcategories these codes could all be the same level 

(e.g., U2, A2, P2), they could be off one level (e.g., U1, A2, P1), or they could be off two levels 

(e.g., U2, A3, P1). Table 4.3 shows the types of subcategory variations that caused the PSTs 

codes to be off one or two levels. Table 4.3 Clearly shows that the most common cause of 

variations were due to PSTs being assigned a higher code for the subcategory of application in 

reflection #1 and then a lower code in reflection #6 (this is shown in the gray blocks).  
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Table 4.3 

Types of Coding Variations Between Mathematical Subcategories  

 Types of Variations 

 

Same 

Level 

Off One Level Off Two Levels** 

Reflection 

 

U+1* U-1 A+1 A-1 P+1 P-1 

U1, A3, 

P1 

U1, 

A3, P2 

U2, A1, 

P3 

U3, A1, 

P3 

#1 17 1 2 12 3 2 1 5 1 0 0 

#6 16 1 4 7 8 4 2 0 0 1 1 

* The notation U+1 is meant to represent that the mathematical understanding subcategory code 

a PST was assigned was one level higher than the other mathematical subcategory codes they 

were assigned (i.e. U2, A1, P1). 

** All off two level occurrences are listed. 

 

 However, the smaller emphasis placed on talk about mathematical application (on 

average) compared to the other subcategories in reflection #6 can mostly be attributed to what I 

call talk replacement. The main reason that the average code assigned to the applications 

subcategory did not increase as much as the other subcategories is because some PSTs included 

less talk about applications of mathematics in reflection #6. In contrast, the codes assigned to 

most PSTs in the other subcategories either remained the same or reflected more standards-

aligned talk. To better understand this point I created Table 4.4 below. This table compares the 

codes assigned per PST across the mathematical subcategories for both reflections. A 

subcategory code could potentially go up or down two places (e.g., U1 to U3, or A3 to A1).  

Table 4.4 shows that nine PSTs (shaded in gray) were assigned lower codes for their 

mathematical applications talk in reflection #6 compared to reflection #1. Across all the other 

subcategories in all the other categories there was at most two (but usually zero) PSTs who were 

assigned lower codes on reflection #6. Although nine PSTs may represent a small group it shows 

that there is a group of PSTs who experienced talk replacement. That is, while increasing talk 
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about mathematical understandings and processes some PSTs decreased talk about mathematical 

applications.  

Table 4.4 

Change in Mathematical Subcategory Codes 

Shifts in Subcategory Codes 

Mathematical 

Subcategories 

Down 

2 

Down 

1 

Same 

 

Up 1 

 

Up 2 

 

N/A* 

 

U 0 1 9 26 6 2 

A 2 7 12 15 6 2 

P 0 1 9 25 8 1 

*represent that a PST was not assigned a particular subcategory code in one or both reflections. 

 

While a major aim of the course was to help PSTs replace traditional mathematical talk 

with more standards-aligned talk this type of talk replacement highlights a moment when one 

kind of desired talk was decreased while a different kind of desired talk was increased. This 

could be due to a perceived emphasis by some of the PSTs that the course focused more on 

mathematical processes and understandings over applications. Kara's quote above highlights this 

replacement as she transitions from mentioning multiple applications (i.e., buy, sell, count, and 

measure A3) in reflection #1 to stating that mathematics is something we use every day (A2) in 

reflection #6. As Kara decreased her applications talk she also placed more emphasis on 

standards-aligned processes and understandings. 

  Largest changes for most traditional mathematical talk. 

 Whereas Table 4.4 shows the changes to the subcategory codes assigned per PST, Table 

4.5 shows the changes to the categorical codes assigned to each PST. The categorical codes (i.e. 

traditional (T), emerging (E), approaching (A), and research/standards-based (R)) could 

potentially go up or down between reflections. Table 4.5 shows how many PSTs experienced a 

certain amount of change and also describes where the changes occurred. To clarify, the third 



86 
 

column in this table shows that 15 PSTs were coded one level higher (i.e., a code reflecting more 

standards-aligned talk) on reflection #6 compared to reflection #1. Furthermore, this table shows 

the exact breakdown of where this occurred (e.g., six PSTs were coded T on reflection #1 and 

then E on reflection #6). Of the 44 PSTs assigned T, E, or A in reflection #1, 31 (70.4%) were 

assigned a higher code in reflection #6. This increase was most common among PSTs assigned 

codes reflecting more traditional talk. PSTs assigned codes of T, E, and A on reflection #1 were 

assigned higher codes on reflection #6 16 out of 18 times (88.9%), 14 out of 21 times (66.7%), 

and one out of five times (20%), respectively.  

Table 4.5 

Change in Mathematical Category Codes 

Shifts in Overall Mathematical Framework Code 

Down 1 Same Up 1 Up 2 Up 3 

3 

(n=3 E T)* 

 

 

10 

(n=2 T T) 

(n=4 E E) 

(n=4 A A) 

15 

(n=6 T E) 

(n=8 E A) 

(n=1 A R) 

15 

(n=9 T A) 

(n=6 E R) 

 

1 

(n=1 T R) 

 

 

*Represent the number of PSTs and the type of change in the codes assigned. In the notation 

X Y this first letter represents the code assigned on reflection #1 (traditional (T), emerging (E), 

approaching (A), and research/standards-based (R)) and the second letter represents the code 

assigned on reflection #6. This specific entry represents that 3 PSTs were coded emerging on 

reflection #1 and then traditional on reflection #6. 

 

In addition to the finding that PSTs who began the semester with the most traditional talk 

(i.e., T, E) seemed more likely than others to shift their talk, there were also more PSTs whose 

codes shifted from E to R than from A to R. This further supports the conjecture that PSTs with 

the most traditional talk at the beginning of the course may, in fact, be the most susceptible to 

changing talk and it may be even more common for those PSTs to include more standards-

aligned talk in reflection #6 compared to PSTs who had more of that talk evident in reflection #1. 

Or in other words, those who used less standards-aligned talk initially may be more receptive to 
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adopting more of these ways of talking. This could mean that much of the initial traditional talk 

was mostly undifferentiated (Ambrose, 2004) and therefore not reflective of strongly held 

beliefs. 

 Findings from interviews: talk about mathematics.  

 When PSTs were interviewed one year after the course was over (approximately one year 

after reflection #6) they mostly exhibited what I will refer to as an up-down-up (UDU) pattern in 

regards to their mathematical talk. Meaning that the mathematics category code a PST was 

assigned went up from reflection #1 to reflection #6, down from reflection #6 to their interview 

mind-web, and then up again during the discussion that followed (i.e., their talk became 

standards-aligned, then less standards-aligned, then more standards-aligned once again). The 

discussion that followed involved the PSTs reading their old responses, looking over the mind-

web I made for them, and then discussing any differences in their current and former talk. These 

four coding points at which I applied the MAP coding framework (reflection #1, reflection #6, 

PST mind-web, and PST response to former talk) are referred to as coding point 1 (CP1), coding 

point 2 (CP2), coding point 3 (CP3), and coding point 4 (CP4) respectively. This UDU pattern is 

apparent in Figure 4.1 and Table 4.6. Figure 4.1 shows the average mathematics category code 

assigned at each coding point to the 14 PSTs who participated in interviews. Codes of traditional 

(T), emerging (E), approaching (A), and research/standards-based (R) are equated with 0, 1, 2, 

and 3 respectively. To clarify, this up-down-up behavior does not necessarily represent a 

fundamental change in beliefs or even a long term change in talk. Rather, it demonstrates that 

during our content course many PSTs adopted more standards-aligned mathematical talk and 

then one year later much of this talk was no longer evident in the mind-web they produced. 
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Figure 4.1. Average mathematics category code at each coding point for interview participants.  

However, during the interview when PSTs reviewed their talk about mathematics from the 

content course, many had what I refer to as an "oh yeah" moment. In this moment PSTs usually 

modified their talk to readopt all or some of their previous talk. Again, this final change in talk 

could be caused by PSTs trying to say what they think I want to hear or it could represent things 

that they do agree with (but just forgot).  

 However, this average UDU does not give insight into how individual PSTs 

mathematical category codes changed. Table 4.6 shows how the codes assigned to each 

interview PST changed. It shows that the most common pattern for the mathematics category 

codes assigned also mirrors the UDU pattern (n=8). The second most common behavior up (U) 

(n=5) occurred when the mathematical category codes a PST was assigned were always greater 

than or equal to the previous code they were assigned. Lastly, one PST followed an up-down 

(UD) pattern where sometime during the four coding points their mathematical category code 

went up and then down again. Excerpts demonstrating the patterns and findings from the 

interviews will be found in the case studies at the end of this chapter. Additionally, each of the 

mathematical subcategories also had a similar UDU pattern as seen in Figure 4.2 which displays 

the average code for each mathematical subcategory for the interview participants. 
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Table 4.6 

Mathematics Category Codes Assigned to Interview Participants 

Mathematics Category Code 

PST CP1 CP2 CP3 CP4 Patterns 

#1 A R T A UDU 

#2 T E T E UDU 

#3 E R T E UDU 

#4 T T T E U 

#5 T E E E U 

#6 T A E E UD 

#7 E R T E UDU 

#8 T T E E U 

#9 T E E E U 

#10 T R E A UDU 

#11 E A E A UDU 

#12 E A A A U 

#13 E R T A UDU 

#14 T A E A UDU 

Average* 0.5 1.86 0.64 1.43 

 * This average was found by assigning the codes traditional (T), emerging (E), approaching (A), 

and research/standards-based (R) a value of 0, 1, 2, and 3 respectively and rounded to two 

decimal places. These are the values represented in Figure 4.1. 

 

 

Figure 4.2. Average mathematics subcategory codes* for the interview participants. 

*The subcategories are understanding (U), applications (A), and process (P). Additionally, each 

subcategory code was equated with its numerical value when findings the subcategory average.  
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 Similar to Table 4.6, Table 4.7 shows the type and quantity of patterns found for each of 

the mathematical subcategories. The most common patterns were UDU for the subcategories of 

understanding and process, and down (D) for applications (all shown in gray). This again shows 

that the subcategory of applications is behaving differently, despite the average applications code 

value following a UDU pattern, and that there are still some PSTs who may be experiencing talk 

replacement when it comes to mathematical applications. However, whether the codes followed 

a UDU, UD, or D pattern it was most common that PSTs were coded as having more traditional 

mathematical talk in their interview mind-web compared to their reflection #6. This could 

suggest that much of the talk about mathematics observed in reflection #6 was due to PSTs 

briefly adopting the contextual discourse from our class but not making it part of their critical 

discourse (Thompson, Windschitl, & Braaten, 2013).   

Table 4.7 

Patterns of Codes Assigned to Interview Participants in the Mathematical Subcategories 

 Patterns of codes* 

Mathematical 

Subcategories U D UD DU UDU 

 

S 

 

N/A** 

Understanding 2 2 4 0 6 0 0 

Applications 2 4 2 3 2 1 0 

Process 4 0 1 0 8 1 0 

*Up (U), down (D), up-down (UD), down-up (DU), up-down-up (UDU), same (S). 

**N/A was used if a PST did not have at least two codes to determine a pattern.  

 

 Summary of talk about mathematics. 

 In summary, the findings about PSTs’ talk about mathematics in the written reflections 

showed that the codes assigned to individual PSTs varied considerably, as did how those codes 

changed. However, most PSTs evidenced an increase in standards-aligned talk. This increase 

included new ideas such as the need to communicate mathematics and understand multiple 
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solutions. The most common trends were that PSTs tended to emphasize mathematical 

applications over mathematical understanding and standards-based processes in reflection #1 but 

then placed more emphasis on standards-aligned talk in the latter two subcategories in reflection 

#6. This is due, in part, to many PSTs experiencing talk replacement where they talked less (or 

not at all) about applications as they talked more about mathematical understandings and 

processes. However, the increase in standards-aligned talk did not automatically replace 

traditional talk as some PSTs evidenced both kinds of talk at the same time. Furthermore, I found 

that PSTs with the most traditional talk in reflection #1 showed the largest changes in their talk. 

Lastly, in all mathematical subcategories it was found that talk in the PSTs' interview mind-webs 

was commonly more traditional than in reflection #6.  

How Did PSTs Talk About Mathematical Ability? 

 Within this section I first present the findings from the written reflections and then the 

findings from the interview data. I found that talk generally became more standards-aligned 

during the content course. However, I also found that frequently PSTs did not talk about the 

nature of ability. Additionally, I found that talk about standards-aligned skills increased the most 

between reflections while talk about demonstrating mathematical understanding in standards-

aligned ways increased the least. Lastly, I found that in two of the three ability subcategories 

standards-aligned talk maintained or increased across the four coding points. 

 Findings from written reflections: talk about mathematical ability. 

 Changing ability talk. 

 As PSTs talked about what makes someone good in mathematics their talk also had more 

standards-aligned attributes in reflection #6 compared to reflection #1. In reflection #1 PSTs 

often talked about mathematical ability in a mixed way (i.e., mathematical ability is a mix of 
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effort and natural ability), they often said that someone good at mathematics should have 

understanding, and they often included a single standards-aligned skills (e.g., good at 

explaining). In contrast, in reflection #6, most PSTs talked about all students being able to 

succeed with effort, included more examples of standards-aligned mathematical skills, and 

emphasized understanding in multiple ways. This shift is shown in Table 4.8, where the most 

common codes assigned changed from N2, D2, and S2 in reflection #1 to N3, D2/D3, and S3 in 

reflection #6.  

 From the tables in Appendix E we can also see how the ideas PSTs communicated about 

ability changed. In reflection #6 PSTs commonly talked about ability as being able to 

communicate and explain understanding, to model/represent a problem visually, and to 

understand and use multiple approaches. While these ideas did arise minimally in reflection #1 

they were clearly dominant in reflection #6. 

Table 4.8 

Codes Assigned in Ability Subcategories 

 Nature of Ability Demonstrate Understanding Mathematical Skills 

Reflection No 

Code 

N1 N2 N3 Avg. No 

Code 

D1 D2 D3  Avg. No 

Code 

S1 S2 S3 Avg. 

#1 

10 8 16 10 

 

2.06 0 5 34 5 

 

2.00 2 9 21 12 

 

2.07 

#6 

7 0 12 25 

 

2.68 0 0 22 22 

 

2.50 1 0 8 35 

 

2.81 

 

    

 

+.62 

     

+.50     

 

+.74 

 

 

Key* 

N1-Fixed ability. 

N2-Mixed ability. 

N3-Ability changes with effort. 

D1-Understanding not evident. 

D2-Mentions understanding. 

D3-Elaborates on understanding. 

S1-Only traditional skills. 

S2-One SB** skill. 

S3-Multiple SB skills. 

*Brief coding definitions. For full definitions please see chapter 3. 

**SB used as an abbreviation for standards-based. 
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It was also more common for PSTs to mention being quick, correct, and getting good grades as 

attributes of someone good at mathematics in reflection #1 compared to reflection #6. Some of 

these common standards-aligned ideas are shown below in Kara's reflection #6.  

 To me to be good at math is to not to be able to solve every math problem correctly and 

 remember all the math topics off of the top of your head but it is to be willing to try to do 

 math in many different ways and not give up. To be good at math you need to have an 

 open mind to the ways other people suggest solving a problem and you need to have 

 patience to keep trying.... There are many different ways that someone can be good at 

 math. Someone who is good at math can explain correspondences within the equation and 

 they can check their answer using a different strategy. They can make sense of numbers 

 and the way they relate to problem situations. Someone can be good at math if they are 

 willing to explore the truth in a problem and communicate their conclusions to others. 

 Someone can be good at math by being able to defend their reasoning and create models 

 of what they understand.... Someone can be good at math through motivation and effort. 

 How good you are at math is not solely measured by how often they get a problem 

 correct. (Kara, written reflection #6) 

In this reflection Kara specifically mentions motivation, effort, and patience as key factors to 

success (N3). She mentions being good at mathematics does not mean just getting an answer 

correct but that someone go should be able to explain, solve in multiple ways, relate concepts to 

the real world, defend their reasoning, and create models to help them explain (D3/S3). 

 Lastly, while ability talk changed for most PSTs it was still the PSTs with the most 

traditional talk in reflection #1 who evidenced the most change in reflection #6 (similar to the 

mathematics category codes). This is shown below in Table 4.9 where PSTs originally assigned 
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codes of T, E, A, and R were assigned categorical codes reflecting more standards-aligned talk in 

reflection #6 100%, 77.8%, 42.9%, and 0% of the time respectively. Furthermore, it was still 

more common for a PST assigned a categorical code of E on reflection #1 to be assigned a code 

of R on reflection #6 compared to a PST who was initially assigned an A on reflection #1.  

Table 4.9 

Change in Ability Category Codes 

Shifts in Overall Ability Framework Code 

Down 1 Same Up 1 Up 2 Up 3 

1 

(n=1 R A)* 

 

 

14 

(n=4 E E) 

(n=8 A A) 

(n=2 R R) 

13 

(n=1 T E) 

(n=6 E A) 

(n=6 A R) 

14 

(n=6 T A) 

(n=8 E R) 

 

2 

(n=2 T R) 

 

 

*Represent the number of PSTs and the type of change in the codes assigned. In the notation 

X Y this first letter represents the code assigned on reflection #1 (traditional (T), emerging (E), 

approaching (A), and research/standards-based (R)) and the second letter represents the code 

assigned on reflection #6. This specific entry represents that 1 PST was coded R on reflection #1 

and then A on reflection #6. 

 

This again highlights that not only was talk more likely to shift for PSTs originally coded with 

more traditional talk but that this talk was also more likely to shift in larger amounts. Finally, it 

should be noted that even if the categorical code assigned to a PST did not change between 

reflections this does not mean that talk remained the same. It could mean that the changes in talk 

were relatively minor or that as a PST included more standards-aligned ideas in one subcategory 

they included less in another essentially having no effect on their overall code. 

 Missing talk about the nature of ability. 

 Table 4.8 (previously shown) highlights another of the main findings in the codes 

assigned in the ability subcategories. The nature of ability subcategory differed from the others 

as 17 written reflections were not assigned a code in this subcategory (10 in reflection #1 and 

seven in reflection #6). This is because the PSTs' talk did not include any references to the nature 
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of ability. It could be that talk about the nature of ability does not occur as naturally as other talk 

unless specifically prompted, it could be that some PSTs aren't quite sure what they think, or it 

could be that some PSTs do not even conceptualize ability in these ways. Below is an excerpt 

from Megan's written reflection that highlights this, and the previous, trend.  

 To be good at math means to me, for math to be almost a natural instinct to math. If you 

 get it really easily, you are good at math. Just because you have to work really hard to do 

 well in math does not mean you are bad at it, it just means it is more of a challenge and 

 that you might naturally succeed in others things more exceptionally. Different people 

 can be good at mathematics in different ways. For example, one person can be good at 

 doing math mentally and another person can be really good at problem solving and be 

 able to solve any problem on paper. People can also excel and be good at math in 

 different subjects, such as one student doing well when working on algebra and another 

 student doing better when solving geometry problems. Since there are endless topics in 

 mathematics, there is an endless number of areas one person can be good at that another 

 person may not be. (Megan, written reflection #1) 

In her first reflection Megan talks about being good at mathematics as a natural instinct (N1). 

Additionally, she never mentions that someone good at mathematics has understanding, rather 

they are just able to solve problems (D1). Lastly, while she does mention that there are many 

ways someone can be good at mathematics she limits these ways to traditional skills or 

traditional mathematical topics (i.e., algebra and geometry S1). As a brief reminder, just 

"solving a problem" is coded as traditional unless the PSTs elaborate on the problem solving 

process in explicitly standards-aligned ways. This is in contrast to her reflection #6 response 

below. 
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Being good at math means for one to know their mathematical strengths and skills that 

they excel at and to be able to best apply them to any mathematical situation. In the 

beginning [of the semester] I would have said that to be good at math, you can excel in 

certain subjects but now I would say that being good at math involves learning to use the 

skills you find strength in and working to the best of your ability. Some students may do 

well at problem solving and be able to figure out the answer to a problem in any way but 

they may not be able to explain why. Some students are also really good at making 

connections; they understand how numbers and objects relate to one another and to them 

they can make sense of the problem through these connections. While some students can 

solve a problem simply by looking at the numbers, other students strive when using 

physical representations of the numbers in the problems like using blocks and/or pictures. 

Students may also be able to use both skills, manually on paper and physical 

representation depending on the problem type. In the end, it all goes back to the 

individual students finding what works best for them when working with mathematics to 

be good at it. (Megan, written reflection #6) 

In this response Megan talks about mathematical abilities in a broader way as she includes more 

standards-aligned mathematical skills (i.e., connections and representations S3). She also 

mentions that some "good" students understand how things relate but she does not elaborate on 

multiple ways that students show understanding, or even that they need to (D2). Lastly, absent 

from her response is any clear talk about whether she thinks mathematical ability is still fixed,  

whether it changes with effort, or somewhere in between (no code). 

 Talk about mathematical skills and demonstrating ability. 
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 Table 4.10 shows the types of variations between the ability subcategory codes and 

shows a shifting emphasis in talk between reflections. In reflection #1 the most common type of 

variation was due to the nature of ability subcategory being coded higher than the other two 

subcategories (N+1). This means that PSTs were more likely to mention that to be good at 

mathematics requires effort (to some extent) over elaborating on understanding or standards-

based mathematical skills. In contrast, in reflection #6 the most common variations between 

subcategory codes were due to PSTs either underemphasizing how understanding is 

demonstrated (D-1) or placing greater emphasis on the different standards-aligned skills that 

people have (S+1).  

Table 4.10 

Types of Variations Between Ability Subcategory Codes  

 Types of Variations 

 

Same 

Level 

Off One Level Off Two 

Levels 

Reflection  N+1* N-1 D+1 D-1 S+1 S-1 N1, D2, S3  

#1 19 7 4 5 4 3 1 1 

#6 23 4 4 0 7 6 0 0 

*This notation N+1 represents that the subcategory of nature of ability (N) was coded one level 

higher than the other two ability subcategories. 

 

This means that PSTs were more likely to talk about the different skills people have that can help 

them participate in mathematics but less likely to directly link those skills to processes that 

demonstrate someone's mathematical understanding. It could be attributed to standards-aligned 

skills that demonstrate understanding are a subset of a broader category of standards-aligned 

skills (e.g., justifying reasoning versus being a good communicator). Alternatively, it could be 
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that talking about how understanding is demonstrated is a more advanced form of talk than 

simply listing skills. 

 This is also seen in Table 4.11 that represents the change in codes assigned per PST. 

Table 4.11 shows that the subcategory of demonstrating ability (D) had the largest amount of 

PSTs whose codes did not change between reflections (n=24) compared to the other two 

subcategories. Additionally, the table shows that the subcategory of mathematical skills (S) had 

the largest amount of PSTs (n=25) whose codes increased between reflections. These findings 

are consistent with Megan's talk. Although she did mention understanding in reflection #6 she 

did not elaborate on many ways that mathematics should be understood despite mentioning 

multiple mathematical skills. Again, this means that PSTs may be more likely to mention 

multiple mathematical skills (e.g., drawing, communicating, teamwork, being organized, etc.) 

but less likely to also link those skills mathematical processes that imply understanding (e.g., 

being good at math requires communicating understanding, justifying logic, creating 

mathematical models, etc.). 

Table 4.11 

Change in Ability Subcategory Codes 

Shifts in Subcategory Codes 

Ability 

Subcategories 

Down 

2 

Down 

1 

Same 

 

Up 1 

 

Up 2 

 

N/A* 

 

N 0 0 15 10 4 15 

D 0 0 24 18 2 0 

S 0 0 17 19 6 2 

 

*This column represents when a PST was not assigned a particular subcategory code in one or 

both reflections. 
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 Findings from interviews: talk about mathematical ability. 

 The talk about mathematical ability also followed a UDU pattern for the average ability 

category code as seen in Figure 4.3. This means that one year after reflection #6 some PSTs 

talked less about the standards-based skills and multiple abilities that can make someone good at 

mathematics. However, after reading their previous responses and my interpretation of those 

responses many PSTs readopted that talk (although this may just have been a temporary change). 

Again, Figure 4.3 equates the category codes traditional (T), emerging (E), approaching (A), and 

research/standards-based (R) with 0, 1, 2, and 3 respectively for calculating an average value. 

 

Figure 4.3. Average ability category code at different coding points. 

 

However, an analysis of the changes per PST provides deeper insight into what is happening in 

each ability subcategory. Table 4.12 (below) shows that the nature of ability (N) and different 

mathematical skills (S) subcategories mostly followed an up (U) pattern. This is in contrast to the 

subcategory of demonstrating ability (D) which most commonly followed a UDU pattern. This 

means that while the overall average category code reflected an up-down-up pattern most PSTs 

continued to emphasize multiple standards-aligned skills and the importance of effort across the 

four coding points. Overall fluctuations in the average ability category code were mostly due to 

PSTs not emphasizing the importance of understanding as much in the interview mind-webs as 

they had in reflection #6. This could mean that some PSTs may have adopted talk that 

0 

0.5 

1 

1.5 

2 

2.5 

CP1 CP2 CP3 CP4 
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emphasized effort and multiple standards-aligned skills into part of their long-term critical 

discourse (Thompson, Windschitl, & Braaten, 2013). In contrast, placing emphasis on 

mathematical understandings may have been mostly a short-term and contextual discourse. 

Table 4.12 

Patterns of Codes Assigned to Interview Participants in the Ability Subcategories 

 Patterns of Codes* 

Ability 

Subcategories U D UD DU UDU 

 

S 

 

N/A** 

N 6 0 1 1 1 4 1 

D 3 0 1 1 6 3 0 

S 8 0 0 0 4 2 0 

*Up (U), down (D), up-down (UD), down-up (DU), up-down-up (UDU), and same (S). 

**N/A means that a PST did not have at least two codes in a given subcategory to determine a 

pattern. 

 

 Summary of talk about mathematical ability. 

 To summarize, as PSTs talked about mathematical abilities there was a general increase 

in the amount of standard-aligned talk. The talk about mathematical abilities that the PSTs most 

commonly included in reflection #6 were representing/modeling, explaining, conceptual 

understanding, understanding multiple perspectives, and that all students can succeed with effort. 

This was in contrast to reflection #1 where, although the above ideas were occasionally 

mentioned, there was more talk about some people as being naturally good at mathematics and a 

larger focus on traditional mathematical topics, processes and skills. Furthermore, the PSTs with 

the most traditional talk at the beginning of the semester evidenced the most changes in their 

talk. It was also evident that the most common code not assigned in both reflections was in the 

subcategory of the nature of mathematical ability. This suggests that PSTs may not explicitly talk 

about the nature of ability if not specifically prompted. Additionally, I showed which ability 
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subcategories had the least and most change the subcategories of demonstrating ability, and 

mathematical skills, respectively. This highlights that PSTs are more likely to talk about 

standards-aligned mathematical skills but less likely to relate those skills to processes that 

demonstrate mathematical understanding. Lastly, most PSTs continued to emphasize effort and 

standards-aligned skills during the interviews while placing less emphasis on how understanding 

is demonstrated.   

How Did PSTs Talk About Themselves as Mathematical Learners? 

 Within this section I first present the findings from the written reflections and then the 

findings from the interview data. First, I found that PST talk became more standards-aligned in 

all subcategories during our content course. Again, it was still common that some PSTs did not 

make reference to the nature of ability and PSTs also showed the largest increase in standards-

aligned talk when referencing standards-aligned skills. Additionally, PSTs' talk about their 

personal relationships evidenced the least amount of change during the content course. However, 

the PSTs who evidenced having the least positive relationships with mathematics in reflection #1 

also evidenced the most improvements in their mathematical relationships in reflection #6. 

Lastly, in all subcategories it was most common that standards-aligned talk maintained or 

increased across all four coding points. 

 Findings from written reflections: talk about themselves as mathematical learners. 

 Changing talk about themselves as mathematical learners. 

 Comparable to the other two framework categories the codes assigned when PSTs talked 

about themselves as mathematical learners reflected more standards-aligned talk in reflection #6 

compared to reflection #1. This means that in reflection #6 PSTs mostly talked about having a 

positive relationship with mathematics, included multiple standards-aligned mathematical 
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strengths, and linked their mathematical ability to the amount of effort they put forth. In contrast, 

in reflection #1 PSTs most commonly included a single standards-aligned skill, talked about 

having a mixed personal relationship, and talked about the nature of their abilities in a mixed 

way. As seen in Table 4.13 the most common code assigned in all subcategories were level two 

codes in reflection #1 and level three codes in reflection #6.  

Table 4.13 

Codes Assigned in People Subcategories 

 Nature of Personal Ability Personal Mathematical 

Strengths 

Personal Relationship 

Reflection No 

Code 

PN

1 

PN

2 

PN

3 

Avg. No 

Code 

PS

1 

PS

2 

PS 

3  

Avg. No 

Code 

PR 

1 

PR 

2 

PR

3 

Avg. 

#1 16 3 20 5 2.07 2 11 27 4 1.83 0 9 22 13 2.09 

#6 12 1 12 19 2.56 0 5 12 27 2.5 0 1 20 23 2.5 

     +.49     +.67     +.41 

 

 

Key* 

PN1-Fixed ability. 

PN2-Mixed ability. 

PN3-Ability changes with effort. 

PS1-Traditional skills 

PS2-Some SB skills. 

PS3-Multiple SB skills. 

PR1-Mostly negative relationship. 

PR2-Mixed/neutral relationship. 

PR3-Mostly positive relationship. 

*Brief coding definitions. For full definitions please see chapter 3. 

The specific ideas PSTs communicated in their talk also changed between reflections and 

was highly related to the ideas communicated in the other two categories. That is, as they 

increased talk about their standards-aligned mathematical skills they tended to emphasize 

communication, collaboration, explaining, and modeling/drawing (as seen in Appendix E). This 

again is contrasted with reflection #1 where more PSTs also talked about being good at 

traditional subjects (e.g., algebra and geometry) and traditional processes (e.g., solving equations 

and using formulas). Furthermore, some PSTs in both reflections included traditional 

mathematical skills while they also talked about having standards-aligned skills. 

 Missing talk about the nature of their personal ability. 
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 Analysis of specific subcategories revealed that when PSTs talked about the nature of 

their personal ability there were a large number of PSTs (n=28) between both reflections who 

were not assigned codes in this subcategory (shown in Table 4.13). This is because their talk did 

not include any clear reference to whether their view of their own mathematical ability was fixed 

or not. Again, it could be that PSTs are not exactly sure what they thing about the nature of 

ability or it could be that some do not even think about ability in terms of a fixed/not-fixed 

dichotomy. However, of the 23 PSTs not assigned a code for nature of ability (N) or personal 

nature of ability (PN) in reflection #1 only three PSTs were not assigned a code for both. 

Similarly, of the 16 PSTs not assigned a code for N or PN in reflection #6 only three were not 

assigned a code for both4. This means that it is not a single group of PSTs who omitted talk about 

the nature of mathematical ability. Rather, this talk did not arise as frequently compared to talk in 

the other subcategories. Through an analysis of the PSTs assigned codes in both subcategories 

(N and PN) I found that  11 out of 21 PSTs were assigned the same level code in reflection #1 

(e.g., N2 and PN2) and 22 out of 28 PSTs were assigned the same level codes in reflection #6. 

This means that PSTs sometimes talked about the nature of their own ability and ability more 

broadly in different and potentially conflicting ways. Additionally, this shows that talk about the 

nature of ability became more consistent across subcategories by the end of our course.   

It should be noted that the codes N2 and PN2 are conflicting in nature (i.e., ability is 

based on some mix of natural ability and effort). This can be seen when Ally said "I consider 

myself to be a strong math student because it comes naturally to me. I also put a lot of effort into 

solving mathematic problems because I know how frequent mathematics occurs in my everyday 

life" (Ally, written reflection #1). In this quote Ally talks about how she is naturally good but 

                                                           
4
 This data is not included in any of the tables. It was simply identified on the master Excel file that displayed all 

codes received by all PSTs. 
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then seems to contradict herself by also discussing how hard she works at it. Below is another 

example where a PST, Lisette, receives different level codes for talking about the nature of her 

ability and ability more broadly in reflection #6. When she talks about herself she says "I would 

consider myself a determined math student. If I don’t understand something, I work really hard 

to figure it out" (Lisette, written reflection #6). Here she only talks about her success in relation 

to the amount of effort she exerts (PN3). In contrast, when Lisette talks about ability more 

generally she says "I now realize that foundation and concepts are more important than natural 

ability" (Lisette, written reflection #6). So while Lisette is emphasizing things other than natural 

ability she still maintains that such a thing exists and that it may have some influence on ability 

(N2). Lastly, I should mention that between the 44 PSTs and two reflections there was only one 

instance where a PST talked about the nature of their ability and ability in general in completely 

opposite ways (i.e., N1 and PN3 or N3 and PN1). All other times when there was a difference in 

subcategory codes the differences were limited to a single level as in Lisette's example. 

 Talk about personal mathematical strengths. 

 Table 4.13 (previously shown) also shows that the subcategory of personal mathematical 

strengths had the largest average change in code values. This subcategory had the lowest average 

value in reflection #1 and then had the most level three codes in reflection #6. This means that 

there was a large change in the amount of standards-aligned skills PSTs included when they 

talked about their mathematical strengths. Table 4.14 also highlights this finding by showing that 

the most common coding variation in reflection #6 was due to PSTs placing more emphasis on 

their standards-aligned skills compared to standards-aligned talk in the other two subcategories 

(PS+1). This is in contrast to reflection #1 where some PSTs tended to place greater emphasis on 
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their positive relationship with mathematics (PR+1). These common occurrences are shown 

below in gray. 

Table 4.14 

Types of Variations Between People (P) Subcategory Codes  

 Types of Variations 

 

Same 

Level 

Off One Level Off Two Levels 

 

Reflection 

 

 

 PN+

1* 

 

PN-

1 

 

PS+

1 

 

PS- 

1 

 

PR+

1 

 

PR- 

1 

 

B**,PS

1,PR3 

 

PN2,PS1

,PR3 

PN3,PS1

,PR3 

PN1,PS3

,PR2 

#1 15 4 3 3 3 8 4 2 1 1 0 

#6 19 3 2 7 6 4 2 0 0 0 1 

* The notation PN+1 means that the subcategory of nature of personal ability was coded one 

level higher than the other two subcategories. 

**B represents a blank and indicates that no code was assigned for PN. 

 

The following excerpts from Claire highlight these findings. In reflection #1 she noted:  

  Like I stated in a previous question, by most standards I am considered a strong math 

 student, but I reached a point in math where I began to hate it. I love lower levels of 

 math, but would never want to be in a situation where I am doing calculus again because 

 I began to shut down when it came to math. I shut down because I did not have a teacher 

 who could adequately explain how to do the problem, as well as why I would ever need 

 to know this information. My mathematical strengths are memorization. I can typically 

 remember formulas or answers to problems I have done before. (Claire, written reflection 

 #1) 

Claire did not mention whether she thought her ability was innate or a result of effort (no code). 

Additionally, she only talked about her abilities as memorization (S1). Claire however, did talk 

about having a positive or mostly positive relationship with mathematics (PR3). A code of PR3 
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was assigned if a PST has a positive or mostly positive relationship with mathematics. However, 

this occurred in the following ways in the PSTs reflections (as shown in Appendix E) 

 i) a PST loves mathematics and talks about themselves as being a good/strong student, 

 ii) a PST loves mathematics and talks about themselves as being an okay/decent student, 

 iii) a PST has mixed feelings about mathematics but considers themselves to be a 

 strong/good student, and 

 iv) a PST has always enjoyed mathematics and considered themselves to be a strong 

 student up until some recent point/bad experience where they have started to like it less. 

Claire was assigned the code PR3 because her relationship is considered mostly positive by this 

coding schema, where she has always loved and considered herself a strong student up until she 

had a negative experience with a calculus teacher. The above excerpt from Claire's reflection #1 

stands in contrast to her response in reflection #6 below. 

 I would say that I am somewhere in between. I love math when I understand it, but hate it 

 when I am not able to find a way to solve a problem that makes sense to me.... I would 

 consider myself to be a strong math student because I am, typically, able to grasp the 

 concepts, even if it takes a while. My thoughts have changed because I no longer view 

 myself as having a natural math ability and this being the reason I am good at math. I 

 now see that I simply put the time and effort in, and yes I sometimes understood subjects 

 easier, but that was not just luck. My math mathematical strengths are my humility, 

 perseverance and ability to find my own way to solve a problem. By humility I mean that 

 I am not afraid to be wrong and have no issue with asking for help or clarification. I try 

 my best to not give up and to ask for any help I might need. (Claire, written reflection #6) 
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Here Claire mentioned how she does not believe in fixed natural abilities but that she now credits 

her success to the time, perseverance, and effort she has put in (PN3). She mentioned multiple 

skills such as asking for help and clarification when needed, grasping and understanding 

concepts, and figuring out new ways to solve problems (PS3). Again, she talked about herself as 

having a positive/mostly positive relationship with mathematics (PR3) but this time because she 

talked herself as being a strong student with a mixed relationship.  

 Talk about personal mathematical relationship. 

Table 4.14 (previous) shows that the most common cause of variation in reflection #1 

was due to PSTs receiving a higher code for their personal mathematical relationship compared 

to the other two subcategories. This finding highlights that some PSTs talked about themselves 

as having a positive relationship with mathematics in reflection #1 even though they may have 

talked about their mathematical skills in traditional ways or their ability as being fixed. This is 

partially seen in Claire's response above where she talked about herself as having a mostly 

positive relationship in reflection #1 but only included a traditional mathematical skill (i.e., 

memorization). Table 4.15 (below) elaborates on how talk about personal mathematical 

relationships changed between reflections. It is clearly seen that the codes assigned in the 

subcategory of personal mathematical skills (PS) went up the most between reflections and the 

codes assigned to PSTs' personal relationships (PR) was the most unchanged subcategory. This 

means that the majority of PSTs talked about their relationships in mathematics in similar ways 

on both reflections while they started to adopt different ways of talking about mathematics, 

mathematical abilities, or even their own mathematical skills. This lack of change in talk about 

personal relationships with mathematics could be attributed to the years PSTs have had 

developing those relationships compared to the brief semester between reflections. However, it 
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should be acknowledged that some PSTs (n=16) were assigned codes reflecting an improved 

relationship with mathematics in reflection #6 compared to reflection #1. Nevertheless, the 

finding that personal mathematical relationships changed very little compared to the other 

subcategories is still notable.  

Table 4.15 

Change in People Framework Category and Subcategory Codes 

Shifts in Overall People Framework Code 

Down 1 Same Up 1 Up 2 Up 3 

0 

 

 

 

 

13 

(n=2 T T)* 

(n=6 E E) 

(n=4 A A) 

(n=1 R R) 

19 

(n=2 T E) 

(n=10 E A) 

(n=7 A R) 

 

11 

(n=5 T A) 

(n=6 E R) 

 

 

1 

(n=1 T R) 

 

 

 

Shifts in Subcategory Codes 

People 

Subcategory 

Down 

2 

Down 

1 

Same 

 

Up 1 

 

Up 2 

 

N/A** 

 

PN 0 1 12 9 0 22 

PS 0 2 12 26 3 1 

PR 0 0 28 14 2 0 

*Represent the number of PSTs and the type of change in the codes assigned. In the notation 

X Y this first letter represents the code assigned on reflection #1 (traditional (T), emerging (E), 

approaching (A), and research/standards-based (R)) and the second letter represents the code 

assigned on reflection #6. This specific entry represents that 2 PSTs were coded T on reflection 

#1 and then T again on reflection #6.  

**represent that a PST was not assigned a particular subcategory code in one or both reflections. 

 

 As an example, the following excerpts from Megan's written reflections highlight a PST 

whose talk about their mathematical relationship could have changed but did not despite 

increasing the amount of talk about standards-aligned skills. 

 I am a student that is somewhere in between loving and hating math. Math has never 

 been my favorite because it is something that never came naturally to me and something 

 that I have always had to work at. For the same reason, that is why I do like math, 
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 because since it has been challenging for me, I feel accomplished and like I have really 

 conquered something when I succeed in math. I am not a strong math student or a weak 

 student, but I am somewhere in between. I have to put in work, but when I really try, 

 most times I can figure out my problem. My mathematical strength area is algebra. 

 (Megan, written reflection #1) 

In her reflection #1 Megan talked about not being “naturally” good at math but still usually 

succeeding when she puts effort in (PN2), she talked about her mathematical skills as a 

traditional topics (i.e., algebra PS1), and she talked about having a mixed relationship with 

mathematics (i.e., somewhere in between loving and hating math PR2). However, in reflection 

#6 below Megan still talks about her relationship with mathematics in a similar manner despite 

an increased emphasis on the many different standards-aligned mathematical skills she has.  

 I am impartial to math. I would not say that I love it, but I wouldn’t say I hate it either. 

 Math is not my favorite subject but when I succeed and do well in my math class, I tend 

 to enjoy it much more. I am an in between math student. I am a good problem solver and 

 can work through most problems but when I hit a wall trying to solve a problem, I am 

 decreasingly [increasingly] un-motivated. I never considered myself to be a good or 

 strong math student before in general but now that we have redefined what a good 

 student is, I would label myself in between strong and weak. My strengths are problem 

 solving, explaining my work to others clearly, being able to draw out a word problem, 

 being organized and being open to different interpretations of a problem. In the beginning 

 of the semester I would have thought of mathematical strengths in specific topics, like 

 being good at algebra or really understanding geometry, but now I see strengths as 

 general abilities to work through a problem. (Megan, written reflection #6) 
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Megan now mentions her strengths as problem solving, explaining, drawing out problems, and 

being organized (PS3) yet still maintains that she is still between strong and weak and generally 

impartial towards the subject (PR2). Lastly, talk about the nature of her ability does not arise in 

this response (no code). 

 In a further analysis of which PSTs' talk reflected a change in their personal relationship 

it was found that all of the 13 PSTs assigned PR3 in reflection #1 were still assigned PR3 in 

reflection #6. Additionally, 14 of the 22 PSTs assigned PR2 in reflection #1 were also assigned 

PR2 in reflection #6. However, only one out of the nine PSTs assigned PR1 in reflection #1 was 

also assigned PR1 in reflection #6 (as seen in Table 4.13). This means that while most PSTs did 

not change how they talked about their personal relationship the change that did occur happened 

mostly with the PSTs that had the most negative relationship with mathematics at the beginning 

of the course. This is clearly seen in the excerpts of Kara's reflections below.  

 I would consider myself to be a very weak math student. I do not enjoy math because I 

 usually do not understand it. I had a very hard time getting past my first math course at 

 the university. Math is actually the main reason I decided to be an education major rather 

 than a retail major. The retail major had too much math and I was worried I would not 

 make it through it all. I usually need tutors and a lot of extra help to do well in a math 

 course. The numbers often confuse me and I end up getting overwhelmed. (Kara, written 

 reflection #1) 

Kara talked about herself in a negative way in reflection #1 noting both her dislike for the subject 

and that she considers herself to be a very weak student. In contrast she talks about herself in the 

following way in reflection #6. 
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 I personally do not love math. However, I do not hate math either. I am somewhere in 

 between and I would say that because I have found that I have enjoyed math a lot more 

 this year than ever before. I really struggled with math in the past but now that I 

 understand it better I enjoy it more. I am becoming a stronger math student and am 

 hoping to continue to grow. I hope to love math before I become a teacher. (Kara, written 

 reflection #6) 

While this is only a small excerpt from her reflection it is enough to highlight that Kara has 

started to change how she talks about mathematics and herself as a mathematics student in much 

more positive ways. This notion that PSTs assigned the lowest level codes on reflection #1 were 

the ones whose talk changed the most in reflection #6 is consistent with findings from the other 

categories.  

 Findings from interviews: talk about themselves as mathematics learners. 

 Different from the other two categories, when PSTs talked about themselves as 

mathematical learners their category and subcategory codes followed mostly up (U) patterns in 

the codes assigned across the different coding points. This pattern is demonstrated in Figure 4.4 

below and Table 4.16. 

 

Figure 4.4. Average people category code at different coding points*. 

*Average code found by equating category codes traditional (T), emerging (E), approaching (A), 

and research/standards-based (R) with the values 0, 1, 2, and 3 respectively. 

 

0 
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3 

CP1 CP2 CP3 CP4 
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Table 4.16 shows that the most common trend in each subcategory (shaded in gray) was an up 

(U) trend. However, this table also mirrors similar results to the above sections. It shows that 

some PSTs (n=4) continued to not talk about the nature of their ability and that some PSTs (n=5) 

did not change how they talked about their mathematical relationship (at any point).  

Table 4.16 

Patterns of Codes Assigned to Interview Participants in the People Subcategories 

 Patterns of Codes** 

People 

Subcategories* U D UD DU UDU 

 

S 

 

N/A 

PN 9 0 0 0 0 1 4 

PS 8 0 0 1 4 1 0 

PR 6 0 1 0 2 5 0 

*Nature of personal ability (PN), personal mathematical skills (PS), and personal relationship 

with mathematics (PR). 

** Up (U), down (D), up-down (UD), down-up (DU), up-down-up (UDU), same (S), and N/A 

represents if a PST did not have at least two codes in a subcategory on which to establish a 

pattern. 

 

Furthermore, this table suggests that during the interview (CP3 and CP4) it was most common 

for PSTs to maintain or increase talk that emphasized effort, standards-aligned skills, and a more 

positive relationship with mathematics compared to reflection #6. An up pattern signifies that a 

specific code went up sometime during the different coding points. However, this pattern alone 

does not specify if codes increased between reflections and then stayed the same through the 

interview or if codes went up between reflection #6 and the interview. Specifically, four out of 

the six PSTs who followed an up pattern in their PR codes were assigned a higher code during 

the interview than in reflection #6. This could be due to the longer amount of time required for 

many PSTs to develop a different relationship with mathematics, it could be due to the PSTs' 

continued teacher preparation work, or other factors. Additionally, this up (U) patter about the 

nature of their ability and their personal mathematical skills agrees with the previous findings 
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that PSTs seemed to have adopted talk that emphasizes effort and multiple standards-aligned 

abilities into part of their long-term talk. 

 Summary of talk about themselves as mathematical learners. 

 In summary, when PSTs talked about themselves as a mathematical learners in reflection 

#6 there was an increase in talk about standards-based mathematical strengths, an increased 

emphasis on effort, and improved mathematical relationships. However, many times PSTs did 

not mention the nature of their own mathematical ability. PSTs’ descriptions of their 

mathematical skills showed the largest increase in standards-based talk while their personal 

relationships showed the least amount of change (compared to all subcategories). The small 

amount of change in PSTs' personal relationships could be due to the brevity of our content 

course compared to the years PSTs have had developing those relationships. However, the PSTs 

who had the most negative mathematical relationships at the beginning of the course did show 

the most positive change. Furthermore, when PSTs talked about their personal skills they did 

include many of the same ideas when they talked about mathematics and abilities more generally 

such as representing/modeling, explaining, conceptual understanding, and understanding 

multiple perspectives. Lastly, the codes assigned to the interview participants followed a mostly 

up pattern in this framework category and the corresponding subcategories (i.e., PSTs increased 

talk that emphasized standards-aligned skills, effort, and a positive mathematical relationship). 

How Did PSTs Talk About Mathematics, Ability, and Themselves as Mathematical 

Learners Relate?  

 In this section I first state that talk across the three categories is related and I discuss what 

this means. However, following the discussion of related talk I explain that despite generally 

being related almost all kinds of between category variations in talk did exist (both in size and 
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type). The subsequent sections then highlight the most common types of between category 

variations (when variations existed). 

 Talk is related. 

 First of all, I can say that talk is related both in the generic sense of the word and in terms 

of the codes for between category variation. Clearly, as seen in Table 4.17, the most common 

code assigned for between category variation was "related" meaning that there was a one-level 

variation in the category codes assigned to a PST. Table 4.17 also shows that just over 70% of 

PSTs were assigned codes of related or strongly aligned in both reflections (32 out of 44 and 31 

out of 44 respectively).  

Table 4.17 

Codes for Between Category Variation in Both Reflections 

 

Reflection Conflicting* Varied Related 

Strongly 

Aligned 

#1 3 9 26 6 

#6 2 11 23 8 

*The codes conflicting, varied, related, and strongly aligned were assigned if the category codes 

a PST was assigned were off by 3, 2, 1, or 0 levels respectively. Again, to be off by one level 

means that one category code was one level higher or lower than the others (e.g. E, A, E). 

 

Furthermore, related in a generic sense means that if a PST included standards-aligned talk in 

one framework category then they would also be more likely to do so in the other framework 

categories. This is seen specifically in Table 4.18 (below) that shows the codes assigned to PSTs 

two categories at a time. To clarify, this table shows how a category code assigned to a PST for 

mathematics (M) talk compares the code they were assigned for ability (A) talk. The other cross 

category comparisons show strikingly similar results but are omitted here for the clarity of 

presentation. Furthermore, due to the small numbers of PSTs who were assigned specific codes 

on specific reflections I grouped codes by mostly traditional (traditional (T) and emerging (E)) 
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and mostly standards-aligned (approaching (A) and research/standards-based (R)). In this table it 

is clear that in reflection #1 if a PST was to be coded mostly traditional (T or E) in one category 

they would be more likely to be coded T or E in the other category (shaded gray). 

Table 4.18 

Mathematics and Ability Category Codes (Per PST) Grouped Two Codes at a Time 

 Reflection #1 Reflection #6 

 A-TE* A-AR A-TE A-AR 

M-TE 25** 14 2 13 

M-AR 2 3 3 26 

 * In this notation the first letter represents the category (mathematics (M), ability (A)) and the 

second two letters represent the codes a PST was assigned (TE means a PST was assigned a 

traditional or emerging code and AR means a PST was assigned an approaching or 

research/standards-based code) 

** This number represents that 25 PSTs were assigned  a traditional or emerging code in both the 

categories of mathematics (M) and ability (A) for reflection #1. 

 

Additionally, this table shows that if a PST was to be coded mostly standards-aligned (A or R) in 

one category on reflection #6 they would be more likely to also be coded A or R in the other 

category (also seen in a shaded square). In addition to the codes being related the actual ideas 

communicated were also related (as seen in Appendix E). For example, in reflection #6, when 

PSTs talked about mathematical processes, mathematical understandings, how ability is 

demonstrated, different mathematical skills, and their personal mathematical skills they 

commonly referred to being able to communicate and explain understandings, model/represent 

problems and solutions, and to be able to understand a variety of methods.  

 Below is an example from Sarah who was assigned the code of strongly aligned for her 

between category variation. For reflection #6 Sarah was assigned codes of research/standards-

based (R) for all three of the framework categories and also communicated similar ideas as she 

talked about mathematics, mathematical abilities, and herself as a mathematical learner. In 

reflection #6 Sarah wrote about mathematics in the following way: 
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 Mathematics is the study, interpretation, and questioning of the relationship between 

 numbers. Every single mathematics problem has to do with numbers in different 

 circumstances and how these numbers, add, subtract, multiply or divided from each other 

 to reach a certain solution to a problem or question. Mathematics is the discovery and 

 communication of your ideas in relation to read world problems…. I realize that its not 

 just a lot of numbers and formulas and memorization but math can be interesting 

 especially when you are discussing it and figuring out why it works with others….my 

 view of mathematics has expanded from the classroom to the world. Its no longer just 

 problems on a paper but practice for real life situations. (Sarah, written reflection #6) 

As Sarah's above quote is an excerpt from her writing about mathematics I do not apply the 

entire coding schema at this time. Rather, I want to emphasize the ideas that Sarah 

communicated. In addition to talking about mathematics in some traditional ways (i.e., add, 

subtract, and divide numbers) Sarah wrote about mathematics as a process based on discovery, 

figuring out, collaboration, and communication. Furthermore, she does not talk about 

collaboration in a superficial sense (e.g., group work). Instead, she references collaboration and 

communication as a way to promote deeper mathematical understandings. These ideas are also 

communicated when she wrote about what it means to be good at mathematics.  

 Being good at math means that you try your hardest and best at what you’re learning. 

 Practicing good skills of organization, communication, and collaboration can do this. 

 When you are a good student then you will become good at math because you are paying 

 attention and working hard and that is the best way to become good at anything. My 

 thoughts have changed drastically since the beginning of the semester. I used to view 

 being good at mathematics as getting good grades and having few problems in math. 



117 
 

 However being good at math doesn’t mean you can find the answer but that you know 

 how you found the answer and can then replicate the operations in a different 

 circumstance….Also, being able to explain your thought process as to how you solved a 

 problem will give you a better understanding of math which will help you solve problems 

 in the future. (Sarah, written reflection #6) 

Above Sarah wrote that someone good at mathematics is organized and good at communicating 

and collaborating. Additionally, she talks about how someone good at mathematics has 

understanding and that this understanding should be communicated. In her response she also 

directly links explaining and understanding. Furthermore, she emphasizes hard work and effort 

over getting the correct answer and good grades. Below is Sarah's response when she wrote 

about herself as a mathematical learner. 

  I would say that I don’t hate math, but I don’t love it either. It definitely is interesting 

 and I enjoy it however. There is something very satisfying about finding the answer to a 

 solution or discovering my math works. I would also say that I am a strong math student, 

 because I work hard and apply myself, which results in good outcomes….I don’t feel so 

 awful about math. My last math class was Calculus and that was a nightmare, I felt so 

 lost and confused. But what I realized is that I didn’t understand it and I never grew 

 because the way my class was set up was about passing tests and memorizing facts rather 

 than comprehending the solutions….My mathematical strengths include listening to 

 others suggestions and able to communicate my ideas. I also am diligent and 

 comprehensive in my work trying all possible ways to solve an answer and then asking 

 for help from someone if I still don’t understand. I am also very organized and neat in 

 my work. (Sarah, written reflection #6) 
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Just like her previous response Sarah emphasized effort and linked her success to how hard she 

works. She described a mostly positive relationship with mathematics (i.e., she is a strong 

student with mixed feelings) and she talked about her skills in standards-aligned ways. It is clear 

in Sarah's responses that certain ideas cut across different framework categories. Among other 

things, she mentioned how mathematics is something to be understood through communication, 

that someone good at mathematics should be able to communicate their understanding, and that 

she (as a good mathematics student) is good at communicating her ideas.  

 However, this example is not meant to imply that talk was related for all PSTs. For some 

PSTs, responses seemed to contradict one another. For instance, some PSTs talked about the 

nature of ability (theirs or others) in different ways. Similarly, many PSTs included aspects of 

traditional and standards-aligned talk at the same time. When talk was not strongly aligned, these 

variations in talk could be small (somewhat related talk) or large (conflicting talk). While many 

possible variations in talk were found in PSTs’ responses, some common variations were 

evidenced. In the next section, I present common variations in PST talk, alongside less common 

and contrasting examples. 

 Less emphasis placed on standards-aligned mathematical talk. 

 When between category variation occurred the most common variation was a result of 

PSTs placing less emphasis on standards-aligned talk about mathematics compared to the other 

two categories (see average category code in Table 4.19). Furthermore, this finding was evident 

in both reflections and in the interviews. This does not mean that PSTs talked about mathematics 

in a traditional way (although some did). Rather, it means that if PSTs were to talk in standards-

aligned ways they were more likely to do so when they talked about mathematical ability and 

themselves as mathematical learners. This shows that PSTs may be more prone to talk about 



119 
 

abilities in standards-aligned ways but less prone to talk about the implications those have for the 

mathematical process (seen in Sam's example below). Table 4.19 also illustrates that the 

mathematics category had more PSTs assigned codes of T and E and less PSTs assigned codes of 

R for reflection #6 compared to the other two categories.  

Table 4.19 

Overall Codes Assigned in All Framework Categories 

Talk 

About: 

Mathematics Mathematical Abilities Themselves as  

Mathematical Learners 

Reflection T E A R Avg.* T E A R Avg. T E A R Avg. 

#1 18 21 5 0 0.70 9 18 14 3 1.25 10 22 11 1 1.07 

#6 4 11 21 8 1.75 0 5 21 18 2.30 2 8 19 15 2.07 

     +1.05     +1.05     +1.00 

* This average assigns traditional (T), emerging (E), approaching (A), and research/standards-

based (R) values of zero, one, two, and three respectively. 

 

The codes for between category variation (not shown) also confirm this results. Whether 

the between category variation was small (related) or larger (varied or conflicting) the source of 

the variation was usually due to the mathematics category being coded lower (i.e., more 

traditional) than the other categories. Specifically, four out of the five PSTs (between both 

reflections) who were assigned the code of conflicting talk had high amounts of standards-

aligned talk when they talked about abilities and traditional talk when they talked about 

mathematics. Table 4.18 (previously shown) also highlights this finding by showing that if PST 

talk was not mostly traditional (in reflection #1) or mostly standards-aligned (in reflection #6) for 

both categories then the next most common occurrence was that talk about mathematics was 

mostly traditional while talk about mathematical ability was mostly standards-aligned.  

 Sam's response for reflection #6 is an example of this finding. For this reflection she was 

assigned the category codes of T, A, and A for her talk about mathematics, mathematical 

abilities, and herself as a mathematical learner, respectively. As this is just an excerpt of her 
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reflections I will not discuss the assignment of all subcategory codes here. Rather, this example 

is meant to demonstrate how she talked differently about mathematics and mathematical 

abilities. Sam wrote the following about mathematics: 

 To me Mathematics is the science of numbers and the relationships between them. That is 

 expressed using all kinds of different symbols, used to find a solution or relationship to a 

 math problem....My idea of doing mathematics and what it looks like, is having a 

 problem and using formulas, equations, or mental math to solve it and find the correct 

 answers by using a variety of methods to get the same solution. (Sam, written reflection 

 #6) 

Above Sam talked about mathematics in a mostly traditional way (i.e., formulas, equations, and 

symbols). Additionally, she talked about mathematics as solving a problem and using mental 

math. However, without elaborating on what she means by problem solving or doing mental 

math these ideas were not coded as standards-aligned. Lastly, Sam did mention one standards-

aligned process (i.e., using a variety of methods to get the same solution). This means that she 

was also starting to talk about mathematics as a mix of both traditional and standards-aligned 

processes. The above excerpt stands in subtle contrast to how she talked about herself as a 

mathematical learner. 

 I think my mathematical strengths would be learning from others, even though I’m quiet I 

 like seeing how different people approach math problems. I’m not afraid to ask questions, 

 and even though math is not my favorite subject I believe its necessary to have some 

 knowledge. When I like a certain type of math problem I really like math. My thoughts 

 have changed from viewing mathematical strengths from who always gets the right 
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 answer, who answers the question faster, etc. To who works well with a team, who can 

 follow directions, and who isn’t afraid to ask questions. (Sam, written reflection #6) 

When Sam wrote about herself as a mathematical learner she talked about learning from others, 

seeing different approaches, working well with a team, and asking questions. In both cases Sam 

talked about multiple approaches (i.e., that mathematics problems can be solved in a variety of 

ways and that Sam likes to see a variety of ways to solve a problem). However, her mostly 

traditional talk about mathematics stands in contrast to the different standards-aligned abilities 

she mentioned. When discussing mathematics she does not mention the inherent interactive, 

collaborative, and social nature of the subject; these ideas are more apparent when she talks 

about different ways to be good at mathematics. Although not all written reflections are identical 

to Sam's it was still found that PSTs more often talked about standards-aligned mathematical 

abilities (theirs or others) and less often about the implications those abilities would have for the 

mathematical process. The tables in Appendix E also agree with Sam's example that more PSTs 

communicated ideas of teamwork, collaboration, and communication when talking about 

mathematical abilities (theirs or others) than when they talked about the mathematical process. 

 As a contrasting example Maya was assigned a research/standards-based (R) code for her 

talk about mathematics and a code of emerging (E) for talking about mathematical abilities and 

herself as a mathematical learner in reflection #6. A brief excerpt of her response is below to 

highlight this less common occurrence. Again, these are only small excerpts of her responses 

used to highlight how she talked differently across different categories. 

 Doing mathematics looks like actually working out a problem and understanding why or 

 how you got the correct answer. Doing mathematics could be done even outside of the 

 classroom. For example when you go to dinner and you get the bill you have to do 
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 mathematics in order to figure out what percent tip to give the waiter. (Maya, written 

 reflection #6) 

In this brief excerpt Maya mentions both mathematical applications and the importance of 

understanding. This is contrasted in the brief excerpt from her talk about herself. 

 My mathematical strengths are pre-algebra and algebra. For me those were the subjects I 

 was good at. I think it could be because it had to do with equations and if I knew what 

 each letter meant I was fine. I also think that I am good at multiplication and division for 

 the same reason. If I know a strategy of how to solve a problem algebraically I can do it. 

 (Maya, written reflection #6) 

Despite previously acknowledging the importance of understanding and the role of mathematics 

in the real world Maya limited her mathematical skills to traditional mathematical content. This 

counter example helps prevent oversimplifying of findings. So while the most common variation 

(when variation in talk occurred) was due to PSTs placing less emphasis on standards-aligned 

talk about mathematics compared to the other two categories contrasting variations still existed. 

 Greater emphasis placed on standards-aligned talk about mathematical abilities. 

 The second most common between category variation was found when PSTs talked about 

mathematical ability (in general) in more standards-aligned ways than when they talked about 

themselves as mathematical learners. Table 4.20 shows that when talk was not coded the same 

for both categories mostly traditional codes (T or E) in reflection #1 or mostly standards-

aligned (A or R) in reflection #6 it was most common that PSTs talked about ability (in general) 

in more standards-aligned ways. Additionally, it was found in reflection #6 that zero PSTs talked 

about themselves in mostly standards-aligned ways while talking about ability (in general) in 

mostly traditional ways. 
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Table 4.20 

Ability and People Category Codes (Per PST) Grouped Two Codes at a Time 

 Reflection #1 Reflection #6 

 A-TE* A-AR A-TE A-AR 

P-TE 21** 11 4 6 

P-AR 5 7 0 34 

 * In this notation the first letter represents the category (mathematics (M), ability (A), and 

people (P)) and the second two letters represent the codes a PST was assigned (TE means a PST 

was assigned a traditional or emerging code and AR means a PST was assigned an approaching 

or research/standards-based code) 

** This number represents that 21 PSTs were assigned  a traditional or emerging code in both the 

categories in reflection #1. 

 

Furthermore, table 4.19 (previously shown) also shows that the average category code assigned 

to all PSTs for their talk about mathematical ability was higher than the average code assigned 

when PSTs talked about themselves as mathematical learners for both reflections. Below is how 

Evan talked about mathematical ability in reflection #6.  

 To be good at math, I believe it means one has a natural interest in solving problems and 

 working with numbers. But they can also be good at puzzles and drawing pictures to 

 describe a problem….There are many different ways that someone can be good at 

 mathematics. If they do not know how to solve a problem the original way, they can draw 

 pictures and solve it just as well. Throughout this semester we have learned so many 

 different ways and approaches to all the types of problems we face in elementary school, 

 that we can make it possible for all children to be successful in math using the interests 

 they already have. You can also be good with shapes and not necessarily numbers and 

 this is still a form of mathematics. (Evan, written reflection #6) 

When Evan talked about the different ways someone can be good at mathematics he mentioned 

some traditional skills (i.e., solving problems and working with numbers) and he mentioned 
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some more standard-aligned skills (i.e., good with puzzles and drawing pictures). This is 

contrasted when he talked about himself as a mathematical learner below.  

 Math was never my favorite subject and I always struggled the most with it. I don’t hate 

 math but I don’t love it either. This class has definitely changed my perception on 

 elementary mathematics. I think my thoughts have stayed the same, as in I never really 

 liked math and was never good at it. But this class changed how I looked at different 

 math styles. I think my mathematical strengths are more working with whole numbers, 

 not fractions or decimals. Geometry is also a tough subject for me. (Evan, written 

 reflection #6) 

Above, Evan talked about having a mostly negative relationship with mathematics (i.e., never 

really liked math and was never good at it) but also only included traditional mathematical skills 

(i.e., whole numbers). Although not evident in Evan's example, it was quite common that when 

PSTs talked about their mathematical skills these were a subset of the skills they used to describe 

all the ways that someone can be good at mathematics in general. In Evan's case he included 

both traditional and standards-aligned skills when talking about ability in general but only 

traditional skills when talking about himself as a mathematical learner.  

 In fact, no PST was assigned codes reflecting more standards-aligned talk when talking 

about their personal mathematical skills compared to skills more generally in reflection #6. 

However, as a brief contrasting example it did occur that four PSTs were assigned higher codes 

for talk about their own mathematical skills compared to talk about mathematical skills more 

generally. When Taryn wrote about mathematical skills in general she only referenced traditional 

skills saying "numbers and equations come easily" (Taryn, written reflection #1). This is in 

contrast to how she talked about her personal skills when she wrote "I am relatively good at 
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representing a word problem with pictures that help me make sense of the problem" (Taryn, 

written reflection #1). In this uncommon occurrence Taryn talked about her own skills in 

standards-aligned ways (i.e., representing a problem with pictures) but then only talked about 

skills more generally in traditional ways (i.e., good at numbers and equations). 

 Summary of how talk is related. 

 To summarize the ways that talk related across the different framework categories I can 

first say that talk is related in the generic sense of the word that PSTs who include standard-

aligned talk in one category are more likely to have standards-aligned talk in the other 

framework categories. An analysis of the ideas PSTs communicated shows that the ideas PSTs 

communicated is also related. Specifically, when talking about the mathematical process, how 

mathematical understanding is demonstrated, the different skills people may have, and how 

people demonstrate understanding PSTs commonly communicated ideas of 

representing/modeling mathematics, communicating and explaining mathematics, and 

understanding multiple perspectives (in addition to others). When variations between category 

codes existed it was most common that PSTs talked about ability and themselves as 

mathematical learners in more standards-aligned ways than when they talked about themselves 

as mathematical learners. This means that when PSTs talked about the standards-aligned skills 

that people have in mathematics they were not as likely to talk about the implications those skills 

would have for the mathematical process. Although a less common occurrence it was also found 

that when PSTs talked about themselves as mathematical learners and mathematical ability (in 

general) in different ways it was most common for PSTs to talk about mathematical abilities (in 

general) in more standards-aligned ways. Lastly, despite common variations between categories 

just about every possible variation did exist. 
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Illustrative Examples of PST Talk 

 In this section I explore three illustrative examples of PST talk by examining some of the 

different occurrences of how PST talk changed during the four different coding points. These 

examples are identified by the change pattern of the PSTs' codes. For each example, I provide 

samples of PST talk associated with the change in the codes. Table 4.21 shows the change 

patterns for the category codes and the overall MAP code. This table shows that the most 

common pattern for the overall MAP code and the categories of mathematics and ability are up-

down-up (UDU). Additionally, when PSTs talked about themselves as mathematical learners the 

codes they were assigned mostly followed an up (U) pattern.  

Table 4.21 

Patterns of Codes Assigned to Interview Participants in All Categories 

 Patterns of Codes 

Categories U* 

(Evan's case) 

D 

 

UD 

 

DU 

 

UDU 

(Sarah's case) 

S 

Mathematics 5** 0 1 0 8 0 

Ability 5 0 1 1 6 1 

People 9 0 0 0 5 0 

 

Overall 

MAP Code 5 0 0 0 8 

 

1 

*The possible patters of codes are up (U), down (D), up-down (UD), down-up (DU), up-down-

up (UDU), and same (S). 

** The darker shade is for the most common pattern and the lighter shade is for the second most 

common pattern.  

 

However, regardless of the category the two most common patterns were U and UDU. These two 

patterns (U and UDU) also had some other common characteristics. In general the UDU pattern 

was reflective of PSTs who had large increases in standards-based talk during our course 

followed by a notable drop in standards-aligned talk in the interview mind-web. In contrast it 

was more common for PST whose codes followed a U pattern to show smaller increases in 
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standards-aligned talk over a longer period of time. This is seen below in Figure 4.5 that shows 

the average categorical codes at all coding points grouped by PSTs who followed the U and 

UDU patterns. 

Mathematics Ability People 

  
 

 

Figure 4.5. Average category codes for up (U) and up-down-up (UDU) patterns  

at all coding points* 

*The average category codes were found by equating T, E, A, and R with 0, 1, 2, and 3 

respectively. 

 

Also notable in Figure 4.5 is that on average PSTs whose talk followed a UDU pattern were 

coded as having talk that was more standards-aligned in reflection #6 compared to those who 

followed a U pattern but then less standards-aligned talk in the mind-web. 

 The three examples below highlight some of the common and not-so-common trends 

noted for the subcategory codes. As a reminder when PSTs talked about mathematical 

understanding, mathematical applications, mathematical process, and how mathematical 

understanding is demonstrated in their interview mind-webs their talk often reflected less 

standards-aligned ideas than were evident in reflection #6. Alternatively, when PSTs talked 

about mathematical skills (theirs or others), the nature of mathematical ability (theirs or others), 

and their personal mathematical relationship in the interview mind-web their talk maintained or 
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increased previous levels of standards-aligned talk. Each illustrative example is centered around 

a different PST but may also include excerpts from other PSTs when relevant. The examples are 

called Sarah's common example (up-down-up), Evan's common example (up), and Kara's 

uncommon examples (up-down-up). As the names suggest the first example follows a PST, 

Sarah, whose talk evidenced a common UDU pattern. The second example follows a PST, Evan, 

whose talk evidenced a common U pattern. The last example is of a PST, Kara, who although 

exhibiting a mostly UDU pattern in the category codes she was assigned had changes in talk 

that were not consistent with the majority of the PSTs in this study.   

 Sarah's common example (up-down-up).  

 This example focuses on a female PST named Sarah whose category codes, like many 

interview PSTs, followed an up-down-up pattern. Sarah’s talk evidenced this pattern for all 

framework categories and most subcategories. During our content course she was very receptive 

to the ideas about standards-based mathematics and emphasizing multiple mathematical abilities. 

This is evidenced in Table 4.22 that shows Sarah with the codes emerging (E) for all categories 

on reflection #1 and then research/standards-based (R) on reflection #6. Initially, in reflection #1, 

Sarah included some aspects of standards-aligned talk but included much more of this talk in 

reflection #6. 

Table 4.22 

Overall MAP and Category Codes for Sarah at all Coding Points 

  Codes Assigned Pattern 

Mathematics      E* R T E UDU 

Ability E R T A UDU 

People E R A R UDU 

Overall MAP E R E A UDU 

 CP1 CP2 CP3 CP4  

* Codes are traditional (T), emerging (E), approaching (A), and research/standards-based (R) 
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Despite Sarah’s high levels of standards-based talk in reflection #6 and her seeming agreement 

with these ideas she evidenced less standards-based talk one year later during her interview. 

Examples of her up-down-up change in talk along with her rationale for these changes follow.  

 In reflection #1 when Sarah wrote about mathematics she said "To me it [mathematics] is 

a way of explaining things or situations with numbers or by using number to solve....It usually 

looks like an equation or word problem where there is usually work showing how to solve the 

problem and the steps that got the answer" (Sarah, written reflection #1). In this excerpt Sarah 

talked about mathematics in mostly traditional ways (i.e., numbers, equations, word problems, 

and solving). This is contrasted with her talk in reflection #6 below.  

 Mathematics is the study, interpretation, and questioning of the relationship between 

 numbers. Every single mathematics problem has to do with numbers in different 

 circumstances and how these numbers, add, subtract, multiply or divided from each other 

 to reach a certain solution to a problem or question. Mathematics is the discovery and 

 communication of your ideas in relation to real world problems. At the beginning of the 

 semester I viewed mathematics as more or less a pain, but one that you worked with on a 

 regular basis. I viewed mathematics as this because of bad experiences with Geometry 

 and Calculus. But after this semester I realize that its not just a lot of numbers and 

 formulas and memorization but math can be interesting especially when you are 

 discussing it and figuring out why it works with others. Doing mathematics can mean 

 totally different things. It can be a person figuring out which is the cheaper brand of 

 chips at a store, or it can be a child in a classroom discovering why 2 x 2 = 4, or it can be 

 the discovery of a new mathematical rule. But in essence it is working through a problem 

 and discovering the solution. For the most part my thoughts haven’t changed however my 
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 view of mathematics has expanded from the classroom to the world. It is no longer just 

 problems on a paper but practice for real life situations. (Sarah, reflection #6) 

In this response Sarah emphasized and included real world applications (A3), she included 

multiple standards-based processes (i.e., communication, discovery, and questioning 

relationships P3), and many of her processes imply conceptual understanding (U3). However, 

one year after Sarah wrote this response about mathematics I asked her to create a mind-web 

about everything that came to mind when she thought about mathematics. Her mind-web about 

mathematics (shown below) only included traditional mathematical topics and processes.  

 

Figure 4.6. Sarah's mathematics mind-web. 

Sarah included different shapes, arithmetic operations, and traditional mathematical content 

topics but she did not include any of the standards-aligned talk she previously used (e.g., real 

world applications, communications, etc.). Then after she read her previous responses and looked 

over the mind-web I made of those responses she began to readopt some, but not all, of her 

former talk.  
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 14:00 Jacob: How would you say that your written responses here compare to the mind 

 map that you made, about math? 

 14:09 Sarah: I would say my mind map about math, 'cause I've used math more in the 

 classroom, it didn't [pause] Obviously, that math can relate to the real world. 'Cause you 

 use those different types of math in the real world, but I can say when I was creating my 

 mind map, I wasn't necessarily think about math in everyday life. 

 14:35 Jacob: And when you think about math, do you think about it mostly in terms of 

 the classroom, or do you think about it in the classroom and in everyday life, and in other 

 contexts? 

 14:45 Sarah: I think a little of both. I think on an initial [pause] When someone says 

 "math", I picture a classroom, or I picture a math book, but I think I also, as a second 

 thought kinda  realize that math is helping you every day, and that I do use math every 

 day. But I would probably say that a big chunk of what first comes to my mind is math in 

 a classroom. 'Cause that's just so much of where we hear the word, "math." Because when 

 we use math in everyday life, it's not like we say, "Oh, I'm going to do a math problem 

 right now, I'm  gonna figure out which is the cheaper bag of chips to buy." We just pick 

 them out. (Sarah, interview) 

In reading her former response Sarah noticed how she previously wrote about real world 

applications and mentioned that although she still agrees that mathematics applies to the real 

world it was not the first thing that came to mind. She said that, initially, when she thinks of 

mathematics she pictures a classroom and as a second thought agrees that it also applies to 

everyday life. This occurrence of omitting previous standards-aligned talk in the interview and 

then agreeing with it after seeing former responses is at the heart of the up-down-up pattern. 
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Sarah agreed (mostly) with what she wrote in reflection #6 but, for one reason or another, did not 

explicitly represent these ideas in the mind map she created during the interview. 

 The above phenomena is also seen in Sarah's talk about mathematical ability. She 

changed from having more traditional talk to more standards-aligned talk between reflections but 

then omitted much of that talk in the interview. In reflection #6 when Sarah wrote about 

mathematical ability (shown in the previous section of this chapter) she mentioned that to be 

good involves lots of effort (N3), requires understanding, and she included multiple abilities in-

line with standards-based mathematics (S3). Additionally she talked about how understanding 

should be communicated/explained and should relate to future problems (U3). Sarah's ability 

mind-web stands in contrast to her reflection #6 responses and is below in Figure 4.7. 

 

Figure 4.7. Sarah's ability mind-web. 

 In her mind-web about someone good at mathematics (shown in Figure 4.7) showed mixed ideas 

about the nature of ability (i.e., comes easily and works hard N2) and although she mentioned 

mental math she did not include any overtly standards-aligned skills (S1). Furthermore, she now 

mentioned speed, accuracy and grades as indications of ability, but not understanding (D1). 

Again during our interview I asked Sarah to read and reflect on her previous reflection response 

and her reaction is below. 
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 21:20 Sarah: Okay. So, I think part of me, 'cause it's something I go back and forth on a 

 little bit, and obviously, my answers here I can see that, and even from what I said today. 

 But, when someone says that someone's good at math, I think my first [pause] My initial 

 thought is someone who, obviously like my mind map had, someone who math comes 

 easily to, and someone in math, they do well in it. But, I think through my education 

 classes and through what I've been told by teachers, I kind of realize that you can be good 

 in math and other areas and [inaudible 22:04] the communication, or working on I mean 

 there's still that kind of conflict of, I've always seen someone who's good at math as being 

 someone who math comes easily to. So, it's like that conflict of [pause] I know what is 

 considered maybe to be like a [pause] What I think and what I have learned, and it's that 

 conflict of [pause] Having them two conflicting thoughts, I'm sorry. (Sarah, interview) 

Again, Sarah mentioned having two thoughts. She had an initial thought that someone good at 

mathematics should do well and it should come easy to them. However, she realized that this is 

in conflict with her previous thoughts that came more as an after-thought (e.g., there are many 

ways to be good at math and it is not just about being quick). Lastly, I had Sarah look over the 

mind-web I made from her previous responses (reflection #6) and to consider whether she would 

want to modify her or my mind-web. Her response follows. 

 30:12 Sarah: I think again, kind of like we were talking about before, I think I agree with 

 my mind map for someone that's good at math against the one that you created based on 

 my responses, my written responses, because it is kind of a, that kind of like balance and 

 sort of struggle I guess you could say between the two ideas. But, I guess maybe in the 

 sense that someone who's good at math can have certain parts of math come easily to 

 them. I guess you could kind of incorporate both of them together such that they use good 
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 communication and they can explain themselves and they work hard to do better in what 

 they do know, but also to understand what they don't. So, I think probably both could be 

 combined in one, for a kind of comprehensive view of someone who's probably good at 

 math. (Sarah, interview) 

In her response Sarah mentioned how she liked the ideas of communication, explanation, and 

hard work from her prior reflection, but that she continued to maintain a mixed and potentially 

conflicting impression of mathematics ability. She talked about how someone good at 

mathematics should be correct and that mathematics should come easily but also that they are 

hard workers and should be able to explain themselves.  

 Sarah's talk about herself followed a similar pattern. Again, she omitted some of her 

previous, standards-aligned talk but then after reading her former responses decided to adopt 

some of it back. Due to a variety of circumstances over the past year Sarah and many of the other 

interview participants demonstrated this up-down-up behavior (especially in the category of 

mathematics). Additionally, they frequently commented how they liked their old responses (or 

my mind-web) so much more but they just were not thinking that way.  

 Below is another example from a PST who followed this same up-down-up pattern for 

some of her talk. Ally was coded research/standards-based (R) for her standards-aligned 

mathematical talk in reflection #6. Specifically, Ally wrote about multiple mathematical 

applications (i.e., bills, shopping, and cars) and emphasized understanding multiple solutions 

through group work and communication. In contrast, Ally created a mind-web about 

mathematics that included almost entirely traditional aspects of mathematics (shown below in 

Figure 4.8).  
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Figure 4.8. Ally's mathematics mind-web. 

Although Ally included problem solving and applications she did not elaborate on multiple 

applications or on what problem solving meant. The majority of her mind-web was devoted to 

listing traditional mathematical content. During the interview, after Ally was presented with her 

former responses, she tried to explain the differences in her former and more current answers. 

 12:00 Ally: Okay. Yeah, I think the only thing that I didn't mention before was the whole 

 group dynamic of math. I definitely thought that I kind of excelled in the group work just 

 because I do understand math pretty well and I'm a pretty good leader when it comes to 

 working in group projects and stuff. So yeah, I definitely thought that working well with 

 others and talking it out and explaining [inaudible 12:30] thinking is something I'm pretty 

 good at. I totally forgot to mention that. 

 12:34 Jacob: Is there a reason you don't think you mentioned it? 

 12:39 Ally: I think I didn't mention it because I haven't been doing it as much lately. I 

 guess during the class, that we [pause] We obviously did it almost every day. So I guess I 
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 just haven't been [pause] I guess I've been explaining myself, but not in terms of solving 

 that.  

In this excerpt Ally says "I didn't mention the whole group dynamic of math" and then she 

proceeds to explain that "I haven't been doing it as much lately." So, just like Sarah, her former 

way of talking in reflection #6 was not the first thing that came to mind. This suggests that some 

of the standards-aligned talk PSTs were more frequently using in reflection #6 was short lived 

without continued reinforcement. Even as PSTs were continuing in a standards-aligned teacher 

preparation program this standards-aligned talk although they still agreed with most of it was 

not the first thing that they thought of one year later. Again, this up-down-up pattern was most 

common observed when PSTs talked about mathematics and how someone good at mathematics 

demonstrates their understanding (as previously shown).  

 Evan's common example (up).  

 Evan was a PST who started our content course with mostly traditional ideas about 

mathematics. The codes Evan was assigned followed an up (U) pattern for all three categories 

and for his overall MAP code. Broadly, this means that he evidenced standards based-talk in a 

consistent manner across all four coding points (shown in Table 4.23). I think of this example as 

an example of slow and steady change. This is because Evan’s talk did not evidence rapid or 

substantial shifts in talk. Furthermore, some changes in talk were not evident until the interview 

(one year after our content course was over). This example is contrasted with Sarah's example 

whose category codes all changed two levels (from E, E, E to R, R, R) between her two written 

reflections. Additionally, between reflections, Evan evidenced no notable changes in how he 

talked about himself a mathematical learner. However, during the interview Evan did start to talk 

about himself as a mathematical learner in a different (more positive) way. Similar to the broader 
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findings across PSTs, small changes in talk about mathematics or mathematical abilities during 

the reflections were not always reflected in PSTs' talk about themselves as mathematical 

learners. 

Table 4.23 

Overall MAP and categorical Codes for Evan at all Coding Points 

 Overall Codes Assigned Pattern 

Mathematics T* E E E U** 

Ability E A A A U 

People T T A A U 

Overall MAP T E A A U 

 CP1 CP2 CP3 CP4  

* Traditional (T), emerging (E), approaching (A), and research/standards-based (R). 

** Up (U) 

 

 In this example I describe Evan’s talk across time in two of the three framework 

categories (talk about ability and himself as a mathematical learner). In reflection #1 Evan wrote 

the following about mathematical abilities. 

 To be good at math, I believe someone needs to have a natural interest in numbers but 

 can also understand a lot of different formulas and how to use them together to solve 

 one problem. I believe people can be good at mathematics in many different ways. 

 Because there are so many different types of math, there’s even more ways to apply 

 this math to life situations. Most don’t realize it, but we use math everyday of our  lives. 

 If someone likes geometry, they can be a very good architect or even designer. If you are 

 a banker, you need to be doing math all day. Even athletes need to do math to organize 

 their contracts. (Evan, written reflection #1) 

Above Evan talked about how someone good at mathematics can understand and use formulas 

(D2) and how applying mathematics to daily life is a skill (i.e., bankers, athletes, architects S2). 
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However, Evan never mentioned effort as a requisite for someone to be good and only talks 

about a natural interest (N1). In contrast, Evan's response in reflection #6 is below.  

 To be good at math, I believe it means one has a natural interest in solving problems and 

 working with numbers. But they can also be good at puzzles and drawing pictures to 

 describe a problem. There are many different ways that someone can be good at 

 mathematics. If they do not know how to solve a problem the original way, they can draw 

 pictures and solve it just as well. Throughout this semester we have learned so many 

 different ways and approaches to all the types of problems we face in elementary school, 

 that we can make it possible for all children to be successful in math using the interests 

 they already have. You can also be good with shapes and not necessarily numbers and 

 this is still a form of mathematics. (Evan, written reflection #6) 

In this reflection Evan stills referred to some students having a natural interest but also that all 

children can be successful in mathematics (N2). Additionally, he talked about drawing pictures 

to explain problems (D2) and listed multiple standards-aligned skills (i.e., drawing and good at 

puzzles S3). However, despite these changes in talk about mathematical abilities his talk about 

himself as a mathematical learner remained relatively unchanged. Below is how Evan wrote 

about himself as a mathematics learner in reflection #1. 

 Math has never been my strong subject so I would consider myself a weaker student in 

 that subject. I averaged C’s throughout my math classes growing up but did have to fight 

 for those grades at times. The higher the math I got, the more confusing all the numbers 

 and different processes got to me. I would say that my math strengths lean more to 

 algebra style problems and not so much geometry, calc, or stats. math was never my best 

 but algebra was easiest for me. (Evan, written reflection #1) 
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In this reflection Evan talked about himself as mostly having a negative relationship with 

mathematics (PR1), he only talked about having traditional mathematical strengths (i.e., algebra 

style problems PS1), and talked about never being a strong student but able to pass when he 

fought for those grades (PN2). Evan's reflection #6 response is below.  

 Math was never my favorite subject and I always struggled the most with it. I don’t hate 

 math but I don’t love it either. This class has definitely changed my perception on 

 elementary mathematics. I think my thoughts have stayed the same, as in I never really 

 liked math and was never good at it. But this class changed how I looked at different 

 math styles. I think my mathematical strengths are more working with whole numbers, 

 not fractions or decimals. Geometry is also a tough subject for me. From the beginning of 

 the semester, I would say my strengths all around were improved but my focus is still 

 with whole numbers and not fractions. (Evan, written reflection #6) 

Here Evan still wrote about having a mostly negative relationship with mathematics (i.e., never 

really liked it and was never good at it PR1), he still talked about his skills in terms of 

traditional content although he now referred to our course content of whole numbers and 

fractions (PS1), and he never mentioned the nature of his ability (no code). However, when I 

asked Evan to make his mind-webs during the interview one year later he wrote down the 

following in Figure 4.9. In this mind-web Evan did not write that he is great at mathematics or 

that he loves it but his talk about his personal relationship is still only positive (i.e., interested, 

inspired, and serious PR3). Additionally, when he talks about the nature of his ability he only 

wrote about his effort (i.e., motivated, and gets work done PN3). Lastly, while he did not 

include his specific mathematics skills in the mind-web, he did tell me about his ability to 

communicate mathematically (PS2) during the interview saying "So I put communicate because 
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I've communicated with the classmates more than ever to understand it [mathematics]" (Evan, 

interview). 

 

Figure 4.9. Evan's mind-web about himself as a mathematics learner. 

His mind-web about ability (not shown) also included these ideas that someone good at 

mathematics is motivated, works hard, and is good at communicating. During the interview when 

Evan read his previous responses about himself as a mathematics learner he clarified and 

reinforced his current views. 

 09:27 Evan: Okay. Well, math was never my favorite subject, and I always struggled 

 with it. So 4b5, I definitely like math now, I would say. I was never good at it in the sense 

 of like when it was high school math and I was being taught the math, I didn't fully 

 understand it. So math right now, I'm good at it, I mean I like the math I'm in now, that's 

                                                           
5
 4b is in reference to a question number in Evan's previous response. Specifically, this is the question where Evan 

wrote about himself as a mathematical learner.  
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 for sure. The [content courses], and the methods maps, and as soon as I got into those, I 

 started to really like math and then became good at it. 

 10:10 Jacob: So you think there is different kinds of math that you do and don't like, or 

 at least you had different math experiences that maybe you do and don't like? 

 10:18 Evan: Definitely, definitely. My mathematical strengths, I'm definitely better 

 with fractions now, because I've been with fourth and fifth grade fractions or even the 

 drawing, the images, like back in the [mathematics for elementary school teachers] 

 classes, I kind of struggled with, and now I can do it easy, so I've definitely gotten 

 better with fractions. I haven't done too much with decimals, but I'm probably more 

 comfortable with that. And I still haven't done too much with geometry though, in 

 classrooms. I'm definitely more comfortable with those maths. And my strengths are 

 still improving. (Evan, interview) 

During the interview Evan continued to talk about his improving relationship and comfort with 

the subject. Specifically, he changed his former statement in reflection #6 from "math was never 

my favorite subject" to "I definitely like math now." He also elaborated how his teacher 

preparation content and methods courses have helped him really start to like, and get better at, 

mathematics. 

 Another PST, Chelsea, followed a similar pattern to Evan. She had small changes in talk 

during the course, but then also talked differently about herself as a mathematical learner during 

the interview a year later. During our content course Chelsea's talk was almost entirely 

traditional on reflection #1. On reflection #6 she did talk about how someone good at 

mathematics should understand different techniques but the rest of her talk remained relatively 
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unchanged between reflections. Below is how Chelsea wrote about herself as a mathematical 

learner in reflection #6. 

 I would say I am ok in math. I am somewhere in the middle, I never loved math or hated 

 math. I was always told that I am ok in math and that’s how I always felt. I feel like I am 

 somewhere in the middle and consider myself an ok math student. I am not that well in 

 math because I was never taught math the right way. I feel like my math was never my 

 favorite and I blame my teachers who did not teach me right when I was young. My 

 mathematical strengths are adding, subtracting, multiplication and division. I like to play 

 with numbers sometimes and I feel that is the strongest I have been in math. (Chelsea, 

 written reflection #6) 

In reflection #6 Chelsea talks about having a mixed personal relationship (i.e., I am okay and 

somewhere in the middle PR2) and only includes traditional mathematical strengths (i.e., 

arithmetic operations and numbers PS1). In contrast, she included multiple applied mathematics 

skills in her mind-web. After reading her former responses her reaction follows. 

 Chelsea: All right. Okay. I think I'm a little better in math than I was, so I would say 

 that's something different, that I feel more comfortable about mathematics, just having 

 practiced more and dealing with students makes me feel that math is not my worst 

 subject, that I'm actually good at it. 

 Jacob: Do you feel like you have a different subject that is not your favorite subject 

 now? 

 Chelsea: Science. Science is not my favorite subject. Math was always like in the 

 middle, like I never hated math. I always liked math, but it was not my favorite. I see 

 now [inaudible 00:10:52] subject. 
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 Jacob: That's nice to hear. I think it's a fun subject. 

 Chelsea: It is. It is fun. It's interesting. 

 Jacob: Is there anything else that you think you brought up today or that is not in these 

 answers? 

 Chelsea: The only thing I would change is that math is one of my favorite subjects now 

 and I blame my teachers who didn't teach me right when I was young, but I think I have 

 to work on that [inaudible 00:11:33] a lot of positives, and it has made me a stronger 

 mathematical person…. 

 Jacob: One final question, just thinking about those things that have changed. Can you 

 think of what over the last year and a half or two years has transformed or helped to 

 change your opinions? 

 Chelsea: I guess more classes, and practicing different problems and different ways to do 

 them, and then actually applying the problems and going into the classroom and teaching 

 the students, because you really have to know yourself before you teach it. Actually 

 sitting at home and trying to figure out the problem, okay what are the steps and how am 

 I going to teach them? I think that really helped me to really get into each thing, even if 

 it's I don't know I should say, a multiplication problem, how am I going to teach the 

 students? What type of [inaudible 00:22:17] I'm going to use. Am I going to make sure  

 is this helped me more I have understood math, been more comfortable with it.  

 (Chelsea, interview) 

 Both of these PSTs are examples of small and steady changes in talk. They both had 

mostly traditional views of mathematics and negative or mixed views of themselves as 

mathematical learners at the beginning of our content course. Despite the strong emphasis on 
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standards-aligned talk in our course their talked changed only somewhat between reflections. 

Additionally, talk about their personal relationships with mathematics remained unchanged. 

However, one year later both of these PSTs described a different, more positive, relationship 

with mathematics. Their previous negative relationships were attributed to bad mathematics 

experiences and teachers who they claimed just did not teach them well. In contrast they both 

expressed enjoyment and increased understanding through their content and methods courses and 

noted the increased role that mathematics had taken in their lives/careers. These examples are 

consistent with previously mentioned findings the up (U) pattern was most common when PSTs 

talked about their personal mathematical relationships, the nature of ability (theirs or others), and 

mathematics skills that people have (theirs or others). This may provide insight into which 

aspects of talk are positively affected during a teacher preparation program and which aspects 

more commonly remain over longer time frames. 

 Kara's uncommon example (up-down-up). 

 Kara's example is called the uncommon example because although her overall MAP code 

follows the UDU pattern some of her category and subcategory codes break from most typical 

patterns. Kara said that she had always struggled with mathematics and came into our content 

course with mostly traditional views of mathematics and mathematical abilities. Despite not 

mastering all our course content she grew a lot as a mathematical student during our class and 

seemed to be very receptive to the standards-aligned talk emphasized. Kara was also one of the 

PSTs who had the most notable change in her talk (from traditional to standards-based) between 

reflections. Table 4.24 below shows Kara's overall category and MAP codes for all four coding 

points. Aside from the notable change in her talk between the reflections there are other things 

that set Kara's case apart as uncommon. The way she talked about mathematics, mathematical 
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abilities, and herself as a mathematical learner during the interview also deviated from the most 

common patterns. Most PSTs evidenced more traditional talk in their interview mind-webs when 

talking about mathematics and how mathematical ability is demonstrated. However, Kara 

maintained standards-aligned talk in these areas comparable to her reflection #6 response.  

Table 4.24 

Overall MAP and Category Codes for Kara at all Coding Points 

 Overall Codes Assigned Pattern 

Mathematics E* A A A U** 

Ability T R A R UDU 

People T R T E UDU 

Overall MAP T R E A UDU 

 CP1 CP2 CP3 CP4  

*Traditional (T), emerging (E), approaching (A), and research/standards/based (R). 

**Up (U) and up-down-up (UDU). 

 

Additionally, unlike most PSTs whose codes followed an up pattern when they talked about 

themselves as mathematical learners, Kara's codes went down between reflection #6 and the 

interview mind-web. Specifically, Kara was coded as having a less positive relationship with 

mathematics one year after she wrote reflection #6. Furthermore, she was the only PST who 

ended the interview describing a more negative relationship with mathematics than the one 

described in reflection #6. This is an important case because it highlights that PSTs can describe 

less positive relationship during a teacher preparation program in addition to learning to talk 

about mathematics in ways that should support a more positive relationship.   

 Many of Kara's responses to reflection #1 and #6 were presented, in detail, earlier in this 

chapter showing a positive shift towards more standards-based talk. As a brief summary she 

talked about mathematics in reflection #1 as "numbers and equations. Mathematics is part of 

everyday life and is used by everyone. It is used to combine values in use for data and other 
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purposes" (Kara, written reflection #1). This is compared with reflection #6 when she said that 

mathematics requires "knowledge, problem solving skills, patience, imagination and many other 

things work together to think outside the box. It is not just solving a problem but finding 

different ways to solve problems and understanding why they work" (Kara, written reflection 

#6). Additionally she went from talking about her personal relationship with mathematics in a 

mostly negative way in reflection #1 (i.e., a very weak student PR1) to a mostly positive way in 

reflection #6 (PR3) when she said "I really struggled with math in the past but now that I 

understand it better I enjoy it more. I am becoming a stronger math student and am hoping to 

continue to grow" (Kara, written reflection #6).  

To highlight Kara's talk in the interview I have included her mind-webs about 

mathematical ability and herself as a mathematical learner in Figures 4.10 and 4.11. In her mind-

web about mathematical ability (below) Kara mentioned that to be good at mathematics requires 

effort (i.e., practice, study, and always tries N3). Additionally, she mentioned that someone 

good at mathematics has understanding (U2), and she included multiple standards-aligned skills 

(i.e., asks questions, thinks different, and problem solving strategies S3). This mind-web stands 

in contrast to the mind-web most PSTs created about ability and to the one she created about 

herself as a mathematical student in Figure 4.11. Although Kara mentioned (in Figure 4.11) how 

much effort she puts into learning mathematics she clearly talked about herself as having a 

negative relationship with mathematics as she wrote "not good," "fail," and "angry." This again 

stands in contrast to her reflection #6 where she wrote "I understand it [mathematics] better I 

enjoy it more" (Kara, written reflection #6). 
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Figure 4.10. Kara's ability mind-web. 

 

Figure 4.11. Kara's mind-web about herself as a mathematics learner. 
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The negative talk in her mind-web however did not change after she read her former responses 

(shown below). 

  16:31 Kara: So, for 4A and 4B, I said that I liked math more or whatever, and all that. 

 I think my thoughts on that have changed since I have moved on. So, my last math 

 class experience changed my thoughts, and it made me really not like math again. 

 16:52 Jacob: Okay. 

 16:55 Kara: I think because I struggle with it so much, that it just made me... Any 

 thoughts I have towards math have been negative. 

 17:02 Jacob: Okay. And so, when do you think of math, do you think of that class? One 

 class as being negative and one class as being positive? Or do you now think of math 

 overall in a more negative light, again? 

 17:17 Kara: I think of math overall in a more negative light, I think. Just because the 

 only successful time I've had in math was last [pause] In your class and the class before 

 that. Besides that, I've never had a good experience with math. 

 17:39 Jacob: Okay. And then [pause] Sorry, yes? 

 17:47 Kara: And then, I just view math as frustrating. I'm still [inaudible 17:50] that I'm 

 good, different ways of thinking, but I think that [pause] I think when I talk to you, it's 

 just that I think of things are only one way, which is still true, but I think of them in 

 one way, but it's not always the way that everyone else thinks about it. Like a more 

 unconventional way. (Kara, interview) 

In Kara's response she mentioned that she is good at different ways of thinking but still maintains 

a negative personal relationship with mathematics. She specifically attributed her current 

relationship to her previous mathematics class (the subsequent class to our content course). 
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Additionally when prompted whether that affected her view of that specific class or mathematics 

as a whole she said it has affected her opinion as mathematics as a whole because it reminded her 

of all of her previous bad mathematics experiences. This is contrasted with Evan and Chelsea 

who despite their previous negative experiences had developed more positive relationships with 

mathematics after continuing to have positive mathematical experiences in the year since our 

course.  

 In this example Kara was extremely receptive to standards-based talk and talk that 

emphasized effort and multiple abilities during the mathematics content course. Additionally, she 

continued to express these ideas this throughout the interview. However, the shift towards a more 

positive relationship with mathematics that she evidenced during the course was short lived, as 

she had another negative mathematics experience following our course. Most interview PSTs 

were coded as having an improved relationship with mathematics (n=6) or no change in their 

relationship (n=5) during the four coding points. Kara was the only PST whose codes for talk 

about her personal relationship followed an up-down (UD) pattern. This means that she showed 

an improved relationship between reflections and then a more negative relationship in the 

interview.  

Kara’s shifts in her relationship with mathematics also differed from those of other PSTs 

in another way. Most changes in relationships with mathematics were less pronounced, and took 

place over a longer period of time. Kara was one of only two PSTs (out of 44) who were coded 

PR1 on reflection #1 and then PR3 on reflection #6. All other PSTs codes for talk about their 

relationships with mathematics went up one level (i.e., PR1 to PR2 or PR2 to PR3) or stayed the 

same (e.g., PR2 to PR2). This could mean that quick, pronounced changes in personal 

relationships may be less sustainable. As Kara said "I think of math overall in a more negative 
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light….because the only successful time I've had in math was in your class and the class before 

that. Besides that, I've never had a good experience with math" (Kara, interview). This suggests 

that meaningful changes in personal relationships with mathematics may need to be small or take 

place over a longer time period. Furthermore, when changes in personal relationships are fast and 

large then those newly formed relationships may be more fragile. Kara's example, although 

uncommon, stands as a contrasting example to the most common changes in PST talk. This 

example highlights that although there were a few typical patterns of change in PST talk any 

outcome (desired or not) is still possible. 

 Summary of illustrative examples. 

 The illustrative examples described here highlight the some of the most common and 

uncommon occurrences for how PST talk changed across the entirety of this study. Many PSTs 

exhibited a general up-down-up pattern for the codes assigned to mathematics and how 

mathematical ability is demonstrated (Sarah's common example). This pattern was often 

characterized by large increases in standards-aligned talk during our course followed by PSTs 

neglecting aspects of their former, more standards-aligned talk in their interview mind-webs. In 

some instances, PSTs readopted all of their former talk after seeing their former responses and in 

other instances they adopted pieces of it. The reasons most commonly given for this fluctuation 

was that their former talk was not "the first thing that came to mind," or that they "haven't been 

doing it as much lately." Some PSTs who did not fully readopt their former talk struggled with 

different and potentially conflicting notions of mathematics and mathematics ability. In Evan's 

common example he increased his amount of standards-aligned talk but this change in talk was 

subtle and over a longer time frame. The change in his personal relationship was partly attributed 

to his continued work with mathematics in different capacities and due to his deepened interest 
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as it related to his future career. PSTs most commonly followed an up (U) pattern when they 

talked about the nature of mathematical ability (theirs or others), different mathematical skills 

(theirs or others), and their personal relationships with mathematics. Lastly, the uncommon 

example occurred when one PST, Kara, exhibited a very notable change in talk between her 

reflections (i.e., from a negative to a positive relationship with mathematics). However, one year 

later she reverted to talking about her mathematical relationship in a negative way. This was 

despite maintaining moderately high amounts of standards-aligned talk in other areas.  

Conclusion 

 In this chapter I addressed the research questions by first looking at how PSTs talked 

about mathematics, mathematical abilities, and themselves as mathematical learners. 

Additionally, while looking at PST talk I also discussed how that talk changed. I looked at how 

these ways of talk changed over time by analyzing talk in the written reflections of all PSTs 

(n=44) and then in the interviews from a subset of PSTs (n=14). Following the sections on talk 

and change in talk I discussed how PST talk related (and did not relate) across the different MAP 

framework categories. Lastly, I examined three illustrative examples of changing talk (common 

and uncommon) to highlight how different PSTs talked and how their talk changed throughout 

the entirety of this study.  
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Chapter 5: Discussion and Conclusion 

Overview of Chapter 

 In this chapter I begin by summarizing the findings in chapter four. Then I discuss the 

findings in relationship to the relevant literature. Following this I discuss the implications these 

findings have for teacher education and provide suggestions for future research. Lastly, there is a 

conclusion which briefly summarizes the need for, and benefit of, this research. 

Summary of Findings 

 In summarizing the findings I address the research questions in order. My emphasis in the 

first section is focused on content of the PSTs’ talk both what was and was not said. Then I 

focus on how talk related across the MAP framework. Finally, I discuss how this talk changed 

over the course of this study.  

 Research question 1: How did PSTs talk about mathematics, ability, and themselves 

 as mathematical learners? 

 At the beginning of the course PST talk was predominantly more traditional compared to 

the end of the semester where it was more standards-aligned. In this study, standards-aligned talk 

reflects ideas more strongly associated with a standards-based vision of mathematics (e.g., the 

need for conceptual understanding, understanding multiple different solution methods, 

communicating conceptual understanding, etc.). That said, most proponents of standards-aligned 

mathematics teaching would agree that procedural fluency is also important. Thus PST 

statements that reflected "traditional" talk were not always contradictory to standards-aligned 

talk, but sometimes represented ideas consistent with either vision of mathematics (i.e., the value 

of procedural fluency). With this in mind, some PST talk was purely traditional, some talk was 

standards-aligned, and some talk evidenced aspects of both at the same time. Furthermore, 

aspects of traditional and standards-aligned talk were found at the beginning of the semester, at 
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the end of the semester, and during the interviews. Lastly, I found that talk was not equally 

distributed across all categories and subcategories. This means that when PSTs talked about 

mathematics, ability, and themselves as mathematical learners there were some things they 

talked about more (e.g., mathematical skills) and less (e.g., the nature of mathematical ability).  

 At the beginning of the course PSTs commonly talked about mathematical process as 

solving problems, calculating/computing, following steps, and using formulas, numbers and 

arithmetic. These ideas reflect traditional conceptions of the mathematical process. In contrast, at 

the end of the semester it was more common for PSTs to talk about modeling/drawing, being 

logical, using multiple methods, communicating, proving, and explaining. Sometimes this 

standards-aligned talk completely replaced the traditional talk and other times PSTs' talk 

expanded to include aspects of both. For example, it was not uncommon for a PST to talk about 

mathematics as involving formulas, algorithms, and solving a problem with multiple methods. 

Additionally, at the end of the course it was more common for PSTs to talk about, and elaborate 

on, mathematics as something to be understood. When PSTs did include standards-aligned talk at 

the beginning of the course they were more likely to talk about mathematical applications 

beyond the classroom compared standards-aligned mathematical processes or that mathematics is 

something to be understood. Alternatively, these latter two subcategories received greater 

emphasis in the PSTs' talk at the end of the course.  

 When PSTs talked about mathematical ability at the beginning of the course they often 

wrote that someone good at mathematics is quick, has the correct answer, or gets good grades. It 

was also fairly common for PSTs to mention that someone good at mathematics has 

understanding. However, PSTs did not frequently elaborate on how understanding is 

demonstrated (one PST even equated getting a correct answer as proof of understanding). This is 



154 
 

in contrast to the end of the course where more PSTs elaborated on standards-aligned ways that 

mathematical understanding is demonstrated (e.g., being able to explain reasoning, understand 

multiple solutions, and mathematically model a problem). At the beginning of the course PSTs 

regularly talked about memorization, following step by step directions, and being good at 

mathematical skills such as computation. This again is contrasted with a broader list of 

standards-aligned skills mentioned at the end of the course (e.g., drawing, communicating, 

teamwork, etc.). Furthermore, at the end of the semester, PSTs commonly included both 

traditional and standard-aligned ideas together (e.g., someone good at mathematics is good at 

memorizing formulas and can explain their understanding). Lastly, I found that PSTs were fairly 

split in how they talked about the nature of ability at the beginning of the course. Some talked 

about ability as fixed, some talked about it as directly related to effort, some talked about it as a 

mix of both, and others just did not talk about it. In contrast, at the end of the course there was a 

stronger emphasis on effort and no one talked about ability, in general, as being purely innate.  

  When PSTs talked about themselves as mathematical learners they included many of the 

same ideas as above. This means that when they talked about their personal mathematical skills 

they included the same types of skills as above (i.e., drawing, communicating, teamwork, etc.). 

When talking about the nature of their ability PSTs also placed more emphasis on effort at the 

end of the course despite one PST still maintaining a fixed-ability mentality. Additionally, some 

PSTs still did not reference the nature of their personal ability. Furthermore, there were also 

some PSTs who talked about the nature of their ability and ability generally in different ways. 

One such PST talked about how anyone can succeed with effort but that they personally have 

always been naturally good at mathematics. PSTs also talked about their relationship with 

mathematics in positive, negative, and mixed ways. That is, some PSTs loved mathematics and 
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thought they were good at it, others disliked the subject and did not think very highly of 

themselves as mathematical learners, and others had mixed feelings about the topic and/or their 

mathematical ability. However, no PST wrote about really liking mathematics and having a 

negative view of themselves as a mathematical learner or disliking the subject and being good at 

it.  

 Research question 2: How did talk relate? 

 In the broad sense of the word I can say that PST talk did relate. This means that at the 

beginning of the course PSTs with mostly traditional talk in one framework category were also 

more likely to have mostly traditional talk in the other categories. Furthermore, at the end of the 

course PSTs with mostly standards-aligned talk in one category were also more likely to have 

mostly standards-aligned talk in the other categories. In addition to the amount of standards-

aligned talk in each category relating the ideas PSTs communicated were also often related. For 

example, often PSTs wrote about mathematically modeling/drawing when talking about the 

mathematical process and when talking about attributes of someone good at mathematics.  

 However, related talk does not mean identical talk. Sometimes talk across categories was 

strongly aligned and other times it was a mix of both traditional and standards-aligned ideas. The 

variation in the amount of standards-aligned talk between categories was usually small but 

occasionally large (e.g., when Maya talked about mathematics involving applications and 

understanding but only referenced traditional content as mathematical skills). Sometimes talk 

even seemed to be in contradiction with itself (e.g., a PST could include contrasting examples of 

both traditional and standards-aligned talk within or between categories). Here I say "seemed" 

because from the perspective of a PST there may have been no contradictions.  
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When talk was mixed there were common variations that occurred. The most common 

between-category variation was when PSTs talked about mathematics in more traditional ways 

than they talked about mathematical abilities or themselves as mathematical learners. For 

example, a PST might talk about the standards-aligned skills that someone has and then talk 

about mathematics in a more traditional way that does not reflect the aforementioned skills. 

Furthermore, this variation, whether small or large, was evident at the beginning and end of the 

course and during the interviews. To clarify, this means that if talk in all three categories was not 

mostly traditional (at the beginning of the course) or mostly standards-aligned (at the end of the 

course) then it was most common that talk about mathematics was more traditional than talk 

about ability and themselves as mathematical learners. 

 The second most common between-category variation occurred when PSTs talked about 

their own ability in a more traditional way than they talked about ability in general. This was 

seen when Evan talked about how someone can be good at mathematics by being a good 

problem solver, a good drawer, and being good at puzzles. However, when talking about himself 

Evan only referenced a single content topic as a skill (i.e., whole numbers). Another PST wrote 

about how someone good at mathematics has the ability to explain their reasoning and that 

anyone can succeed with effort but talked about the nature of her ability in a mixed way and also 

only mentioned being good at a traditional school topic (i.e., algebra). Furthermore, no PST 

talked about themselves in mostly standards-aligned ways at the end of the course while talking 

about general ability in a mostly traditional way.  

 Research question 3: How did talk change? 

 I found that PSTs’ talk changed in notable ways. However, it was clear that not all talk as 

it relates to the MAP framework evidenced the same kind of changes. Furthermore, these 



157 
 

changes were found to be related to time, context, and a PSTs' previous talk. For instance, the 

amount of change in talk was related to a PSTs' previous talk (i.e., those with the most traditional 

talk were the most susceptible to changes in talk). Additionally, the standards-aligned talk that 

arose at the end of our course was reflective of the discussions we had in class, the articles that 

we read, and the activities we did. The talk observed during the interviews also seemed related to 

the PSTs' experiences during the year prior to the interview. Therefore, when talking about the 

changes observed I will talk about the changes in PST talk during the course and the changes in 

the talk evidenced during the interviews.   

 During the content course PSTs' written reflections highlight a clear shift towards more 

standards-aligned talk across all categories. However, this finding should be tempered with the 

fact that the PSTs were still students in my class and writing responses for me to read. 

Additionally, despite a general increase in the amount of standards-aligned talk (across all 

categories and subcategories) that mostly mirrored our course activities there were some 

interesting findings in the changes in talk during the course. First, although talk about 

mathematical applications increased, in general, it was given less emphasis compared to others 

standards-aligned ideas about mathematics (i.e., conceptual understanding and standards-aligned 

processes). This was due to many PSTs experiencing talk replacement where they talked less 

about mathematical applications at the end of the course and more about the other (previously 

mentioned) standards-aligned aspects of mathematics. In our course almost all problems featured 

a real-world context. As such, I did not place as much emphasis on mathematical applications in 

readings and course discussions compared to standards-aligned processes and a focus on 

conceptual understanding, which may help to explain the talk replacement evidenced by some 

PSTs.  
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Second, as PSTs talked about the nature of mathematical abilities their talk focused more 

on effort at the end of our course but also became more consistent across the two subcategories 

(i.e., the nature of ability and the nature of personal ability). Lastly, I found that PSTs' talk about 

their mathematical relationship remained the least changed of all subcategories from the 

beginning to the end of the course. This perhaps highlights the amount of time needed for PSTs 

to substantially change their relationship with the subject. However, a deeper analysis revealed 

that PSTs with the most negative personal relationships at the beginning of the course 

experienced the most change. Commonly they changed from talking about their relationship with 

mathematics in a mostly negative way to more of a mixed way. This finding was also evident 

among other categories PSTs whose talk most aligned with traditional ideas about mathematics 

and mathematical ability experienced the most notable changes in their talk. It even occurred that 

in two of the three framework categories it was more common for a PSTs' categorical code to 

change from emerging (E) to research/standards-based (R) than from approaching (A) to 

research/standards-based (R).  

During the interviews (one year later) it was found that talk related to some components 

of the MAP framework became more traditional whereas talk related to other components 

maintained previous amounts of standards-aligned talk. However, during the interview, after 

PSTs read their former responses many adopted much of their previous standards-aligned talk 

back again (even if only momentarily). It is not clear whether PSTs truly agreed with their 

previous talk, or whether my influence and probing during the interview impacted their shifts in 

talk. But most PSTs said they liked what they previously wrote and would like to include some 

of their previous ideas in their new answers. It was quite common that PSTs commented on how 
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much more they liked their previous answers but that some aspects of their previous talk were 

not the first things that came to mind when making their mind-webs. 

 I found that talk about mathematics across all subcategories was commonly more 

traditional in the PSTs' interview mind-web compared to the end of our content course. This 

means that PSTs placed greater emphasis on traditional classroom content, on the procedural and 

computational aspects of mathematics, and talked less about mathematics as something to be 

understood. This more traditional talk was also evident when PSTs talked about how someone 

good at mathematics demonstrates understanding. To clarify, PSTs now often emphasized that 

someone good at mathematics is correct, quick, and gets good grades rather than demonstrates 

conceptual understanding. In contrast, when PSTs talked about mathematical skills (theirs or 

others), or the nature of mathematical ability (theirs or others), this talk remained consistent with 

previous talk. Specifically, they continued to associate effort with success in mathematics and 

continued to list multiple standards-aligned skills (in addition to traditional skills) such as 

teamwork, communication, drawing, etc. This provides insight into which aspects of talk may be 

more resilient across longer time frames, and which aspects may be more likely to shift without 

continued reinforcement. Furthermore, despite remaining the least changed subcategory during 

the course PSTs continued to talk about their personal mathematical relationship in more positive 

ways in their interview mind-webs. Specifically, people who talked about having good 

relationships maintained their good relationships and PSTs with poor or mixed relationships 

continued to talk about their relationships in more positive ways a year later. 

 Based on the interview data I also found that there were two common patterns that PST 

talk followed across our course and the interview. Many people followed an up-down-up (UDU) 

pattern recognized by PSTs including more standards-aligned talk, then less, and then more 
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again. Additionally, characteristic of this pattern were large fluctuations in talk. That is, there 

were notable increases and decreases in standards aligned talk. The second most common patter 

up (U) is recognized by PSTs increasing or maintaining amounts of standards aligned talk 

throughout the study. Furthermore, this pattern is characterized by smaller changes in talk over a 

longer period of time. The UDU pattern was most commonly observed when PSTs talked about 

mathematics and how people demonstrate understanding. The U pattern was most common when 

PSTs talked about the nature of ability, mathematical skills, and their personal relationships. 

However, regardless of the specific category these were consistently the dominant patterns. 

Lastly, despite common patterns in changing talk contrasting examples were still evident. 

Discussion of Findings 

 According to Pajares (1992) beliefs must be inferred from statements and actions. Others 

said that when PSTs talk about themselves and their relationship to mathematics what they say is 

both context-bound and adapted to the audience (Lutovac & Kasilia, 2011; Sfard & Prusak, 

2005). From a communities of practice point of view (Wenger, 1998) PSTs are thought of as 

new-comers being enculturated into new ways of thinking, talking, and acting. In this study I 

examined PSTs' talk in written reflections, mind webs and interviews. However, the assumption 

is that this talk (written or oral) could reflect a PSTs' beliefs or ideas, it could represent PSTs 

learning to adopt a new way of talking, or it may represent PSTs simply telling me what they 

think I want to hear. As such, I discuss how my findings about PST talk relate to literate about 

PSTs' beliefs, their mathematical identities, and what happens as PSTs enter different 

communities of practice (among other things). I discuss how my findings agree (or disagree) 

with other literature, and how they contribute to the field. First, the findings help us understand 

the content of PST talk what things PSTs did and did not say. Second, the findings provide 
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insight into the variations in PST talk the variations within and between categories and the 

variations across time. Lastly, I discuss how the methodology of this study contributes to the 

field by analyzing the talk of PSTs in ways different from most other studies. 

 Discussion of the content of PST talk. 

 Here I discuss how my findings about the content of PST talk relate to, and differ from, 

other literature. First, I focus on how talk relates to literature on mathematics, then on 

mathematical ability, and lastly on PSTs as mathematical learners. Furthermore, I do not restate 

all findings in this section. Rather, I highlight some of the main ways talk aligned with and 

differed from other literature. While broadly agreeing with others' findings, the findings in this 

study still provide a more nuanced view into a few aspects of the content of talk. As others have 

noted (Handal, 2003; Philipp et al., 2007) PST talk about mathematics was mostly traditional at 

the beginning of the semester. Specifically, PSTs in this study emphasized that mathematics is 

about "solving something." In addition to talking in mostly traditional ways at the beginning of 

the semester I found that it was also fairly common for PSTs to mention that mathematics applies 

to the real world. While others (Felton & Koestler, 2015; Philipp et al. 2007) noted transitions in 

PST beliefs this study found a transition in talk and also catalogued the specific ideas PSTs 

communicated at different times during the course. 

 When talking about mathematical ability Handal (2003) wrote that PSTs value 

memorization, following procedures, neatness, and speed. These aspects were evident in PST 

talk at the beginning of our course as they commonly referenced traditional skills (e.g., 

memorization and procedures) and superficial evaluations of what makes someone good at 

mathematics (e.g., being fast and correct). In slight contrast, this study revealed that PSTs also 

commonly noted how someone good at mathematics should have understanding. This too is 
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consistent with how others (Stipek et al., 2001) have written about how people with either 

traditional or standards-aligned conceptions of mathematics agree that understanding is 

important. However, rarely did PSTs elaborate on what it means to understand mathematics until 

the end of the semester.  

 When PSTs talked about the nature of mathematical ability they reinforced Dweck's 

(2008) findings that some people have growth mentalities, fixed-ability mentalities, and mixed 

profiles. However, in this study a larger portion of PSTs at the beginning of the semester had 

mixed profiles compared to the other two profiles (slightly different from Dweck's findings). 

Furthermore, this study shows that often PSTs do not talk about the nature of ability when not 

specifically prompted. This could be because PSTs were not explicitly asked to reference the 

nature of ability, it could reflect that some PSTs were unsure what they thought, or it could be 

that not all PSTs even think about ability in these ways. The findings about ability mentalities 

agree with Crespo and Featherstone (2012) that some PSTs do ascribe to a fixed-ability 

mentality that some people are just "math people" while others are not. However, while Crespo 

and Featherstone found fixed ability mentalities to be resilient, in my study PSTs’ talk about the 

nature of ability shifted, and many PSTs adopted more of an effort-based discourse at the end of 

the semester.  

 When PSTs talked about themselves as mathematical learners they also mirrored findings 

in previous literature. For example, at the beginning of the course PSTs emphasized 

mathematical skills more strongly associated with a traditional view of mathematics (Ambrose, 

2004; Handal, 2003; Philipp et al., 2007). When talking about the nature of their ability they also 

evidenced the same ability profiles. However, I found that PSTs did not always talk about the 

nature of ability (theirs and others) in the same way. This highlights that mixed profiles (Dweck, 
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2008) can occur within talk about the nature of ability within a single context (e.g., PSTs’ talk 

about their own ability) or it can happen as PSTs discuss the nature of ability in different ways 

across different contexts (i.e., a PST has contrasting talk about the nature of their ability and 

ability in general). Again, this could be due to PSTs not really being sure what they think or it 

could be that they actually maintain different conceptions of ability in different settings. Lastly, 

when PSTs talked about their personal relationship with mathematics at the beginning of the 

course they evidenced negative relationships in proportions similar to Lutovac and Kaasila 

(2011). 

 In summary, PST talk at the beginning of the semester supports previous research 

(Ambrose, 2004; Handal, 2003; Philipp et al., 2007) that talk about mathematics and abilities 

were in some ways more traditional than standards-based. Also, that talk reflected different (and 

sometimes fixed) ability mentalities (Crespo & Featherstone, 2012; Dweck, 2008). To add to 

previous literature the findings show that it was still common for PSTs to talk about 

mathematical applications, that someone good at mathematics should have understanding, and 

that a high proportion of PSTs seem to hold mixed ability profiles. Furthermore, this study adds 

to the literature by showing exactly which ideas PSTs communicated in which quantities at the 

beginning and end of the semester (e.g., emphasizing communication, representing problems, 

and solving problems in a variety of ways at the end of the semester). Additionally, it was quite 

common for PST talk to include both traditional and standards-aligned aspects at the same time. 

A more thorough discussion of this type of mixed talk is in the following section. 

  Discussion related to variations in talk. 

 Variations within and between categories. 
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 The findings in this study provide further insight into how PST talk varied. This means, 

the findings help us better understand how different aspects of traditional talk and standards-

aligned talk were evident in PST talk. First, I found that PST talk did relate across 

categories both in terms of the prevalence of standards-aligned talk and the ideas PSTs 

communicated when talking about mathematics, ability and themselves as mathematical learners. 

Similarly, Horn (2007) wrote about how conceptions of mathematics and ability relate to how 

teachers talk about people as mathematical learners. For example, when one teacher group talked 

about how their students can succeed in mathematics, they focused on the multiple abilities their 

students have, and they talked about mathematics as a connected topic that all students can 

engage in. In my study, PSTs commonly talked about the need to communicate, represent, and 

solve problems in many ways when talking about mathematical abilities and the mathematical 

process at the end of our course.  

 However, while Cobb and colleagues (2009) and Horn (2007) drew attention to the ways 

talk aligns across categories my findings also show that these relationships, despite existing in 

general, were not always evident or clear. This means that talk across the MAP framework was 

not always traditional or standards-aligned but often a mix of both. This agrees with others 

(Bolden & Newton, 2008; Simon et al., 2000) who also found that teachers often hold mixed 

conceptions about mathematics. Furthermore, this study adds to the literature by showing that a 

spectrum of variations existed in terms of the amount of variation and the types of variations. 

Sometimes mixed talk occurred within categories, within subcategories, and between categories. 

Additionally, these variations could be minor (related talk) or more substantive (conflicting talk). 

An example of contrasting talk was seen when Sam talked about different ways that someone 

can be good at mathematics (i.e., working well with a team), but then talked about mathematics 
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in a mostly traditional way that did not reflect the social aspects of mathematics implied in her 

discussion of ability. Lastly, despite many variations occurring, my study found that PSTs 

commonly included less standards-aligned talk about mathematics compared to talking about 

mathematical ability or themselves as mathematical learners. Conversely, this means that if PSTs 

were to include standards-aligned talk they were more likely to do so when they talked about 

mathematical abilities compared to the mathematics, and mathematical processes. I speculate 

that there may something intrinsic in the different categories that may make certain standards-

aligned talk more evident than others. This could be due to contextual climates that make PSTs 

more willing or able to adopt talk that emphasizes multiple abilities and that all students can 

succeed. In contrast, PSTs may not see as much need or value in talking about mathematics in 

standards-aligned ways. 

 Similar to Ambrose (2004) I speculate that conflicting or contrasting talk can be 

understood through differentiation. Well-differentiated ideas are those that have a number of 

pieces well-articulated and undifferentiated ideas are those that are not well-thought-out and 

often reflect culturally transmitted beliefs (Ambrose, 2004). This means that variations in talk 

can be seen as evidence of PSTs struggling to articulate their thoughts and ideas. Additionally, 

just because PSTs have beliefs does not mean they are aware of their beliefs or that they can 

articulate them (Leatham, 2006). In fact, it may be that conflicting talk does not reflect 

conflicting beliefs but evolving beliefs. As new beliefs are developed old beliefs may not be 

rejected, rather the range of possible beliefs for PSTs could expand (Ambrose, 2004). Other 

research on teachers' beliefs (and inconsistencies in their beliefs) has also discussed how beliefs 

are situated within a given context (Hoyles, 1992) and found to be held with different strengths 

(Ambrose, 2004; Philipp, 2007). Furthermore, researchers have emphasized that we should view 
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teachers as inherently sensible and therefore when perceived inconsistencies arise we should 

seek further elucidation (Leatham, 2006; Philipp, 2007).  

 Whether mixed talk is reflective of undifferentiated beliefs, conflicting beliefs, varying 

beliefs held with different strengths in different contexts, or a little bit of everything, the findings 

in this study help us better understand how mixed talk occurred. The findings in this study 

suggest that talk is mixed in a variety of ways and to a variety of degrees. This can help us avoid 

oversimplifications in how we conceptualize PST talk. In this study talk was not purely related or 

purely conflicting. Rather, there is a full spectrum of the amount of variation in talk with most 

variations being relatively small. Lastly, the findings add to the literature by suggesting that 

variations in talk, whether large or small, were not completely random. Instead, there were some 

common ways that mixed talk occurred in this study. 

 Variations in talk over time. 

 Talk during our course became more standards-aligned across all categories but certain 

aspects of talk in the interview evidenced more traditional talk. This confirms previous studies 

(Felton & Koestler, 2015; Philipp et al., 2007) that have documented changes in the 

mathematical conceptions of PSTs as a result of carefully designed content courses for 

elementary school teachers. Similar to this study, these studies (Felton & Koestler, 2015; Philipp, 

2007) looked at PST conceptions but also sought to change PST conceptions about mathematics 

in ways that would have a positive impact on their future teaching practice. Specifically, they 

sought to challenge traditional conceptions of mathematics that could limit how PSTs would 

engage with mathematical content and with their future students.  

 As talk changed during this study it also seemed related to the context and adapted to the 

audience. For example, while PSTs were asked to talk about mathematics generally, the 
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responses given at the end of our course were highly reflective of the goals, values, and activities 

promoted during the course. Similarly, the changes observed during the interviews also seemed 

reflective of the PSTs' work during the year between. This was seen when Kara talked about how 

her subsequent mathematics class had changed her opinion of mathematics as a whole. However, 

despite observed changes in talk broadly agreeing with the literature many of the specific 

changes can be understood through, and add to literature about, communities of practice 

(Wenger, 1998), differentiation (Ambrose, 2004), what happens when PSTs leave their teacher 

preparation programs (Gainsbrug, 2012; Thompson, Windschitl, &Braaten, 2013), and literature 

about the different ways PSTs experience and appropriate discourses (Thompson, Windschitl, & 

Braaten, 2013; Windschitl, Thompson, & Braaten, 2008). I draw parallels to this literature as I 

discuss possible reasons why talk changed and how it changed over time. 

 Possible reasons for changing talk.  

 From a communities of practice perspective (Wenger, 1998), PSTs are being enculturated 

into ways of being, acting, and talking in particular communities. However, during our course 

not all standards-aligned talk was appropriated in the same way. For example, talk about 

mathematical applications was one subcategory where some PSTs included less standards-

aligned talk at the end of our course. During our course there was an increased amount of 

standards-aligned talk related to issues that were given explicit emphasis in classroom 

discussions (e.g., standard-aligned mathematical process, mathematical abilities, and succeeding 

with effort). Alternatively, when mathematical applications were implied by through 

contextualized problems but not given as much explicit emphasis in discussions the changes in 

talk were more varied. Specifically, the inclusion of contextualized problems seemed to support 

increased applications talk for some PSTs. In contrast, the more explicit emphasis placed on 



168 
 

other subcategories (e.g., nature of ability) seemed to coincide with other PSTs decreasing talk 

about applications while increasing talk related to these aspects of the MAP framework. This 

suggests that the ways PSTs are enculturated into communities of practice can have a have 

varying impact on how they appropriate talk. In being more explicit about the aspects of talk we 

want to emphasize we may have more of an impact on talk (at least initially). Furthermore, this 

suggests that while sending implicit messages may impact the talk of some PSTs in desired ways 

it may also have unintended impacts on the talk of others. This also agrees with Windschitl, 

Thompson, and Braaten (2008) who argue that newcomers need scaffolded opportunities to 

practice relevant ways of talking and that more advanced "others" in the community should also 

model desired talk. 

 Despite PSTs' descriptions of their relationships with mathematics changing minimally 

across the study, during the interviews (one year later), some PSTs described continued 

improvements in their relationships with mathematics. These findings confirm previous research 

(Lutovac & Kassila, 2011) documenting positive changes in PSTs' mathematical identities 

through focused reflections and activities. However, these findings also suggest that positive 

shifts in one’s relationship with mathematics may persist over time. Furthermore, I conjecture 

that this change in talk is also related to the PSTs' continued participation in a standards-aligned 

teacher preparation community of practice. Wenger (1998) talked about identity as related to 

community membership and trajectories where people are partly defined by what is familiar to 

them and where they see themselves going. As PSTs continued in methods courses (and other 

learning to teach contexts) they started to develop stronger identities within this community, 

including identities that embraced mathematics as an important part of their work as teachers. As 
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an example, as Evan mentioned how important mathematics was to his future career he was, in 

part, defining himself based on his learning trajectory.  

 However, I do not mean to imply that PSTs going through a teacher preparation program 

will automatically develop a better relationship with mathematics (as evidenced by Kara). 

Rather, there is evidence to suggest that PSTs who are participating in a standards-aligned 

preparation program seem to talk about their relationship with mathematics in improving ways. 

However, we still cannot be sure if the changes in talk reflect authentic or long term changes in 

PSTs' mathematical relationships. Additionally, the larger and quicker changes in Kara's 

relationship with mathematics (compared to most PSTs) seemed to make this relationship more 

fragile. Therefore I suspect that smaller changes in a personal relationship with mathematics over 

a longer time may be more resilient and less vulnerable to extreme fluctuations. This is also 

supported by notions of community membership (Wenger, 1998). When PSTs are in a 

community longer they identify more with that community but when they are new to a 

community they may simply be trying out new discourses. 

 As mentioned, there was a notable transition from traditional talk to more standards-

aligned talk across all framework categories during our course. However, this change was the 

most notable for PSTs who, initially, had the most traditional talk. I conjecture that PSTs' 

traditional talk at the beginning of the study may have been reflective of hidden curriculum 

(Ambrose, 2004) and not deeply held beliefs. This means that early traditional talk may have 

been mostly reflective of culturally transmitted conceptions of mathematics and ability. This 

agrees with Simon et al. (2000) who inferred that many of the teachers they studied with 

traditional beliefs had never even considered their beliefs or alternative beliefs. In fact, the most 

traditional talk at the beginning of the semester may have also been the most undifferentiated as 
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it changed the most. However, I am not stating that traditional talk is somehow equivalent to 

undifferentiated talk. Rather, I conjecture that there is a back-and-forth relationship (as seen in 

the UDU patterns) between differentiating ideas, complexifying ideas, and traditional versus 

standards-aligned conceptions of mathematics. This means that early traditional talk may have 

been undifferentiated and therefore shifted more easily towards more standards-aligned talk. 

However, standards-aligned ideals may be easier to maintain in a carefully designed learning 

environment, such as a university content course. Once PSTs are in placement classrooms they 

may see challenges of enactment, or different visions of mathematics and revert towards more 

traditional talk about mathematics. This was seen in the interview when Sarah talked about 

needing to assess students by looking around and seeing who is correct and done quickly. 

   Others have talked about issues of complexity and enactment in teacher preparation and 

found that if teachers are taught concepts before practice then they may not be able to implement 

standards-aligned teaching practices in their intended ways in a complex classroom environment 

(Darling-Hammond, 2006; Gainsburg, 2012). In response it is suggested that there is a tight 

coherence between course work and clinical work or theory and practice (Darling-Hammond, 

2006; Gainsburg, 2012). While this study is not looking at teacher practice the issue of 

complexity still remains. This means that the complexity of an environment may also relate to 

how PSTs appropriate talk. Additionally, I am not stating that the PSTs' teacher preparation 

program (as a whole) lacked cohesion between theory and practice quite to the contrary. Rather, 

in our content course PSTs were exposed to standards-aligned talk while experiencing a 

standards-aligned mathematics class but were not made aware of many of the issues that could 

arise in classrooms and challenge standards-aligned visions of mathematics, learning and ability. 

Therefore, while attending to varying conceptions of mathematics in a content course affords 
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many opportunities (e.g., talking about and experiencing standards-aligned mathematics) it also 

presents other challenges (e.g., less access issues that challenge standards-aligned conceptions of 

mathematics in classrooms) that need to be carefully considered in the course design. 

 Understanding how talk changed: trajectories of changing talk. 

 According to researchers (Gainsburg, 2012; Thompson, Windschitl, & Braaten, 2013) 

PSTs must often navigate two communities of practice as they transition from their teacher 

preparation program to their future schools. Often teachers abandon many of the ideals 

emphasized in their teaching programs once they enter their new schools (Gainsburg, 2012; 

Thompson, Windschitl, & Braaten, 2013). It has also been discussed that there are different 

visions of mathematics promoted by university mathematics departments and education 

departments (Moore, 2005). However, the findings in this study show that even within a 

standards-aligned teacher preparation program where both content and methods courses 

emphasize standards-aligned visions of mathematics PST talk seems to fluctuate in some ways 

that are counterproductive to our aims as teacher educators. Windschitl, Thompson, and Braaten 

(2008) discussed how the PSTs in their study evidenced a whole continuum of how they 

appropriated new discourses and that not all discourses were appropriated equally. While this 

study confirms that a whole spectrum of possible appropriations existed it also shows that 

discourses emphasizing effort, standards-aligned skills, and positive relationships with 

mathematics were most often appropriated and maintained. In contrast discourses emphasizing a 

standards-aligned vision of mathematics and mathematical understanding were temporarily 

appropriated during our course and then often absent during the interview. Furthermore, 

changing discourse in our study seemed to follow one of two common patters (i.e., up (U) and 

up-down-up (UDU)).  
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 Thompson, Windschitl, and Braaten (2013) talked about critical and contextual 

discourses as they relate to teacher preparation and teaching practice. In their discussion, 

contextual discourses are the discourses that PSTs experience in their different learning-to-teach 

contexts. In contrast, critical pedagogical discourses are personal theories about "what counts" in 

teaching and learning. While these critical pedagogical discourses may not always align with 

enacted teaching practices they do align with what teachers think should have been done and are 

likely to shape future actions. Additionally, critical pedagogical discourses are not equal to 

contextual discourses but are affected by the different contextual discourses that teachers 

experience. Through teacher preparation programs PSTs acquiesce some of the messages 

(contextual discourses) that resonate with them and internalize those messages as part of their 

critical pedagogical discourses (Thompson, Windschitl, & Braaten, 2013). Furthermore, 

Thompson and colleagues (2013) wrote how these critical pedagogical discourses can manifest 

themselves as consistent patterns of talk. While in this study I did not look at PSTs' critical 

pedagogical discourses, I did look at their talk and try to identify consistent patterns of talk. In 

this study PSTs were exposed to standards-aligned contextual discourses in our content course 

which were widely appropriated during our course. In contrast, one year later, only some aspects 

of their former talk remained (e.g., emphasizing effort). This may give insight into which ideas 

resonate with PSTs, which ideas they believe are important, which ideas may have been 

incorporated into part of their long term discourse, and which ideas may have become part of 

their critical pedagogical discourse.  

 This means that despite a spectrum of possible discourse appropriations there may be 

certain contextual discourses that PSTs are likely to appropriate in the short-term and others that 

they are more likely to maintain long-term. Additionally, despite all the variations in how a 
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specific discourse can be appropriated in large amounts or small amounts and over a short time 

or long time this study highlights that there may be different common trajectories of discourse 

appropriation. To clarify, this provides insight into what discourse is appropriated over different 

time frames and also different trajectories of how discourse is appropriated. Specifically, smaller 

and slower changes in talk seem to be more stable than larger and quicker changes in talk. 

 Contributions of the methodology. 

 The findings from this study are in part attributed to the focus of the study but also in part 

to the methodology which is distinct from most related studies. The majority of studies that 

examine PST beliefs, talk, conceptions, identities, etc. usually rely on in-depth studies of a few 

people or likert-style surveys of many. When Hoyles (1992), Raymond (1997), Skott (2001), and 

Sztajn (2003) studied inconsistencies in teacher beliefs they performed in-depth studies of one or 

two teachers. When Lutovac and Kaasila (2011) wrote about narrative rehabilitation they did an 

in-depth case study centered around a single PST, Ulla. Horn (2007) wrote about the dialogues 

she found in two small teacher work groups. In contrast, when Philipp et al. (2007) studied the 

belief of the PSTs in their program they surveyed 159 PSTs using a beliefs survey. Using rubrics 

they quantified beliefs so that they could statistically analyze beliefs. Among other things they 

noted which beliefs were significantly different, and which beliefs were significantly correlated.  

 My study differs from the above studies in that I sought to understand many PSTs (not a 

few) but I also intended to understand their talk. I did not want likert-style survey results or to 

quantify answers bases on a predetermined rubric. Rather, using grounded theory I sought to 

develop codes that reflected the talk of PSTs in this study and to understand how that talk related 

and changed. This study gives insights into many PSTs but it does so by also giving insights into 

the words they used and the ideas they communicated. While I was initially guided by related 
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literature I was also guided by the codes that arose from the PST talk. From this perspective I 

was open to the unforeseen findings that emerged to in the data instead of simply wanting to 

verify any presupposed relationships in talk. Lastly, this study add to the literature with the level 

of analysis on PST talk. Rather, than finding a few overarching themes the coding results were 

meticulously analyzed in multiple different ways to identify and understand the most common 

and insightful trends.  

Suggestions for Future Research  

 Future research can add to these findings by specifically focusing on varying aspects of 

the MAP framework and by targeting specific findings from this study. First, future research can 

study the effects of implicit versus explicit curriculum on PST talk as it relates to the MAP 

framework or to talk in general. In carrying out future studies it would be beneficial to have 

multiple settings to allow comparison of PST talk across different contexts. For example, 

research could look into PST talk about mathematics in settings where they are exposed to 

implicit messages that mathematics is contextualized, and in others where there is explicit talk 

about mathematical applications. Talk could then be analyzed at the beginning of the course, end 

of the course, and a year later. This would help determine immediate differences in talk, as well 

as, any long term differences in talk. As another example future research could focus on sections 

that emphasize standards-aligned mathematical talk compared to social justice mathematics talk 

to determine how different ideas emerge in talk, sustain over time, and how they relate to ideas 

of mathematical ability.  

Second, research can carry out longer term studies to see the effects when PSTs are 

exposed to standards-aligned talk throughout content and methods courses. These kinds of 

studies could track the talk of PSTs through their courses, into their students teaching 



175 
 

placements, and into their first years of teaching to observe differences in talk and actions. This 

will help us better understand the short term and long term discourses the teachers develop and 

the things that we can do to promote the discourses we want sustained. Lastly, much of the 

usefulness of the MAP framework is in the different ways that it can be applied. For example, in 

this study P represented how the PSTs talked about themselves as mathematical learners. 

However, that aspect of the framework is meant to highlight how PSTs, teachers, or anyone talks 

about people. This framework can also provide insights when used in classroom studies to 

analyze the messages teachers send about mathematics, what it means to be good at mathematics, 

and the messages they send to individual students about who they are as mathematical learners.   

Suggestions for Teacher Education  

 This study shows the value of emphasizing standards-aligned talk about mathematics and 

ability in a content course. However, it also shows that much of the increased standards-aligned 

talk about mathematics was absent one year after our content course. This means that teacher 

preparation programs (even standards-aligned ones) need a continued emphasis on standards-

aligned visions of what it means to do mathematics and how PSTs evaluate what makes someone 

good at mathematics. Even if PST placement classrooms endorse a standards-aligned vision of 

mathematics the PST talk about mathematics may still become more traditional without explicit 

emphasis on the mathematical process. Similarly, for PSTs who are in classes that may 

emphasize traditional visions of mathematics this is a good time to discuss the inherent messages 

being passed on to students about mathematics and ability. Additionally, the implicit use of 

mathematical applications sent mixed messages. Therefore, in addition to using application 

based problems I suggest that we also make talk very explicit. This suggestion can be broadened 

to include most goals that a teacher preparation program has. PSTs need specific experiences that 
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highlight specific goals but they must also learn to explicitly talk about what they are doing. This 

will help as PSTs are attempting to differentiate their beliefs. They must be given opportunities 

to articulate their beliefs, discuss contrasts in their stated beliefs (at a given moment and over 

time), and be given continual support to develop standards-aligned discourses around 

mathematics, ability, and people as mathematical learners. Lastly, I believe that PSTs need 

opportunities to deal with complex issues as they are developing their beliefs. Idealized 

standards-aligned talk may be easy to adopt in a bubble but harder to endorse when PSTs are 

faced with realistic and complex situations. 

Conclusions 

 In the introductory chapter I emphasized the importance of the messages that teachers 

(and people in general) send about mathematics, what it means to be good at mathematics, and 

who is good at mathematics. These messages can have positive or negative impacts on the people 

who receive them. It is therefore of utmost importance that we give teachers the experiences that 

help them understand different visions of mathematics and ability. Furthermore, it is important 

that we explicitly talk about and help PSTs talk about their beliefs. This will help them to 

articulate and come to understand their beliefs. Furthermore, due to the lifetime of messages that 

PSTs have received in mathematics classes about mathematics, ability, and themselves as 

mathematical learners it is imperative that teacher preparation programs do not just pass on new 

messages in a single methods course. Rather, at every opportunity, through content courses, 

methods courses, and in placement classrooms teacher educators need to explicitly promote a 

standards-aligned vision in words and actions. This study showed what can happen when things 

are not made explicit or sustained. Specifically, some of the positive effects observed in a single 

semester seemed undone one year later. In total, this study helps us better understand the aspects 
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of the MAP framework, how talk can shift in a positive ways, and which aspects of talk remain 

over a longer time frame. More studies like this will be essential as we hope to prepare future 

teachers to teach mathematics in ways that are truly inclusive of all students.  
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APPENDIX A: WRITTEN REFLECTION #1 

Reflection #1 

Please do the following questions. You can type right on this paper and your answers 

should be between a few sentences and a paragraph in length (but no more than a half page 

please). Questions 8 and 9 only require a short answer. 

 

1) What is mathematics to you? 

2) What does it mean to do mathematics? (i.e., what does doing mathematics actually look like in 

your opinion?) 

3) What did your mathematics classes look like growing up? 

4) As a future teacher describe what your ideal mathematics classroom would look like? (What 

are you doing? What are your students doing? etc.) 

5) Briefly describe yourself as a math student. Do you love math, hate math, or are you 

somewhere in between? Do you consider yourself to be a strong math student, a weak math 

student, or somewhere in between? Please explain why. 

 

6) Describe your mathematical strengths.  

 

7) What do you think it means to be good at math? 

 

8) Describe an ideal mathematics student. 

 

9) To what extent do you agree with the following statement: 

 

 "Some people are just good at math and some people are not" 

(1) strongly disagree (2)somewhat disagree (3) neutral (4) somewhat agree (5) strongly agree 

10) To what extent do you think being successful in mathematics relates to "natural ability" and 

to what extent do you think it relates to effort? (please divide 100% among the two categories--

i.e. 10% ability and 90% effort OR 20% effort and 80% ability, but choose your own 

percentages) 

 

______%Natural Ability     ______ %Effort 

 

 



179 
 

APPENDIX B: WRITTEN REFLECTION #6 

Reflection #6 

Think back over the various readings and reflections you done this semester that discuss 

issues related to: 

1) different ideas of what math is or can be and what doing mathematics looks like,  

2) the many ways someone can be good at mathematics, and  

3) notions of whether math ability is fixed or not fixed  and the serious implications that certain 

beliefs can have for classroom practice (i.e. are some people just “not good” at math  versus their 

ability is something that can change with effort and experience) 

 

Now answer the following questions in a few sentences each.  

1a)What is mathematics to you? 

1b) How have your thoughts changed from the beginning of the semester? 

 

2a) What does it mean to do mathematics? (i.e., what does doing mathematics actually look like 

in your opinion) 

2b) How have your thoughts changed from the beginning of the semester? 

3a) As a future teacher describe what your ideal mathematics classroom would look like? (What 

are you doing? What are your students doing? etc.)  

3b) How have your thoughts changed from the beginning of the semester? 

4a) Briefly describe yourself as a math student. Do you love math, hate math, or are you 

somewhere in between? Do you consider yourself to be a strong math student, a weak math 

student, or somewhere in between? Please explain why. 

4b) How have your thoughts changed from the beginning of the semester? 

 

5a) Describe your mathematical strengths. 

5b) How have your thoughts changed from the beginning of the semester? 

 

6a) What do you think it means to be good at math? 

6b) How have your thoughts changed from the beginning of the semester? 

 

7a)What are different ways that someone can be good at mathematics? please respond in about 1 

paragraph. 

7b) How have your thoughts changed from the beginning of the semester? 

 

8a) Describe an ideal mathematics student. 

8b) How have your thoughts changed from the beginning of the semester? 
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9) To what extent do you agree with the following statement.  

 

 "Some people are just good at math and some people are not" 

(1)strongly disagree (2)somewhat disagree (3) neutral (4) somewhat agree (5) strongly agree 

 

10) To what extent do you think being successful in mathematics relates to "natural ability" and 

to what extent do you think it relates to effort? (please divide 100% among the two categories--

i.e. 10% ability and 90% effort OR 20% effort and 80% ability, but choose your own 

percentages) 

 

______%Natural Ability     ______ %Effort 
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APPENDIX C: INTERVIEW PROTOCOL 

Interview Protocol for Tracy Dissertation Project   

Interview plan for semi-structured interviews to last approximately 45-60 min. The following are 

guidelines of the overall format and possible questions depending on what the PSTs say. 

Included are some possible question prompts that may be asked based on the nature of the 

conversation.   

 

Part I- Check in/ Greeting (brief~3min) 

 How are you doing? How are your classes going? 

 Are you in math methods right now? How is that going? 

 Are you done after this semester? What are your plans next? 

 

Part II- Mathematical experiences (~20min) 

 Tell me about your 302B class. What do you remember? What did you like (and why)? 

What was helpful (and why)? What did you not like (and why)? What was something 

difficult and what did you do in that situation? What was learning mathematics like in 

that class? Can you tell me about a memorable mathematical experience in that class 

(positive or negative). 

 Tell me about a mathematics teacher you had or saw in a school had that you would like 

to emulate. Tell me about that teacher and the class. What did mathematics look like in 

that class?  Can you tell me about a memorable mathematical experience in that class? 

 Can you tell me about a time that you have ever found something to be hard or 

challenging in a math class. What did you do in response? Tell me about that experience. 

(if not answered above) 

 Tell me about a mathematical learning experience that you remember really well. What 

makes that experience so memorable? (if not addressed above) 

 Tell me about someone (a specific person) who you think is really good at math. What 

makes them good at math?  

 How do you know if someone is good in math? 

 Tell me about how you view yourself as a mathematics student. (here ask follow up 

questions about what makes you high or low? what are the things you are good at? What 

do you struggle with? etc. this really will depend on what they say.) 

 

 

Part III- Mapping (~10min working/~5min talking) 

In this section PSTs will be asked to make mind maps about mathematics, ability, and 

themselves.  

 Take a few minutes to create a mind web about mathematics. Basically, write down all 

the things that come to mind when you think about mathematics. You can organize this 

visual however, you want. (afterwards take a photo of it and email it to me) 

 Also take a few minutes to make a mind map about a good mathematics student and a 

mind map about yourself as a mathematics student. (again, take photos and email to me) 

(We might hang up here and resume 10 min or so.) 
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 Ask: "Please tell me briefly what you wrote down on your maps." 

"How does this compare or expand upon anything else you have told me thus far?" 

"Did you have any reasoning behind your organization of the maps?" 

 

 

Part IV- Recap/Clarify (~20min) 

 At this point I will email the PSTs their final reflection prompts about MAP for them to 

read and to see if there is anything they would like to clarify, add, or change. If they say 

no I would push them to answer the questions "how does your reflection compare or 

differ from what you have told me today?" 

 Afterwards, I will email them the mind maps I made about how I thought they might 

respond. I will ask them what they notice what is different in the two maps and if there is 

anything they agree with or don't agree with. (these will probably be an email attachment 

in the first email I send) 

 Ask any clarifying questions specific to their case if it is needed. May be of the form “Do 

you think your views of mathematics, ability or yourself as a mathematics student have 

changed during or since our 302 course? How did they change? What changed them?”  

 

End (~2min) 

 Thank PSTs for their time and check to see if they have any questions for me. Also, ask 

them to not give away too many specifics of the interview to other PSTs who may be 

interviewed as I want those interviews to be as authentic as possible. 
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APPENDIX D: FULL CODEBOOK WITH EXAMPLES 

Definitions Excerpts From PST Responses 

Mathematics-When PSTs talked about mathematics they most commonly talked about levels of understanding, 

applications of mathematics, and types of mathematical processes. 

Mathematical Understanding 

U-1-Mathematical understanding is limited to 

knowing how to follow procedures (doesn't 

mention understanding concepts but may 

mention understand how to follow 

procedures). Or doesn't mention conceptual 

understanding or include any examples that 

would CLEARLY imply conceptual 

understanding. 

 

Mathematics to me is basically multiple different processes and 

ways of doing something to get precise numbers or results. Similar 

to science in my mind, you either understand the process resulting 

in the right number or you don’t understand the process and end up 

missing the problem. There really isn’t a grey area in math. (PST 

written reflection) 

U-2-Mentions the importance of 

understanding (concepts) or conceptual 

understanding is clearly implied. 

To do mathematics is to work together, to solve problems, to be 

open-minded, and to understand different ways of doing math. 

Doing math can consist of drawing pictures, working out problems 

with numbers, or words. I have learned many ways to “do” math 

this semester. (PST written reflection) 

 

U-3-Elaborates on what mathematical 

understanding means in multiple ways. 

Includes at least two examples discussing 

what mathematical understanding means (or at 

least two examples that clearly imply 

conceptual understanding). 

Math is understanding how operations and equations work and 

being able to make sense of all parts of a problem to know that the 

problems being done are correct. It is not about memorizing facts, 

but making sense of the facts and being able to understand why 

they are true.... Doing mathematics means making an effort to 

understand all the concepts. It should involve proving your 

answers, whether it is through pictures or words.  

I never focused on proving why my answer was right or checking 

my work with facts. I know [now]always try to make sure I 

understand my answers and can explain why I found the answer I 

did. (PST written reflection) 

 

Mathematical Applications 

A-1-PST talks about the applications or uses 

of mathematics as just being numbers, 

equations, or arithmetic. Basically, talk is 

limited to traditional school mathematics. 

Mathematics is the study of numbers, quantities, and formulas. 

Mathematics to me is a challenging subject when experiencing the 

advance level of it, but is an interesting topic to learn as well as 

teach. (PST written reflection) 

 

A-2-Briefly mentions uses (or usefulness) of 

mathematics beyond traditional uses (PST 

may have mentioned things from A-1 but A-2 

is what is said in addition to that). This may 

include things like "we use math in the real 

world," "math is very important, I use it all the 

time," or "math is much more than doing 

algorithms in the classroom," or they may also 

include one simple example like "I use math to 

leave a tip." 

 

Mathematics to me is the science of numbers. Mathematics is 

something that we begin learning in school and in an academic 

environment but it becomes something that we put to use every 

single day, even in someways in which we do not realize. Math is 

numbers and the way we use numbers. (PST written reflection) 

A-3-Talks about mathematics aside from 

traditional classroom mathematics in at least 

two different ways (again, this is what is said 

To me mathematics is the study of numbers, formulas, and 

equations that can be used to explain many areas of the world. 

Mathematics can be study on its one but it can be applied to almost 
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in addition to A-1). any area of study, such as physics, economics, chemistry, biology, 

engineering etc. It is incredibly vast, and is in almost everything 

around us. Without mathematics the modern world we live in 

would seize to exist, there would be no cars, skyscrapers, 

televisions, air conditioning, cell phones, and the majority of our 

food that require complex recipes would no longer exist as well. 

This world runs on mathematics. (PST written reflection)  

 

Mathematical Process 

P-1-Mathematics is procedural and 

computational (or PST doesn't discuss the 

process of mathematics as more than this). 

This can include generic terms like math is 

"solving a problem" versus the process 

standard of mathematics as a more robust form 

of problem solving. 

To do mathematics is to take a number or numbers and change or 

alter the original number(s). For example, adding one number to 

another, multiplying one to another, counting, or any use of 

multiple numbers. (PST written reflection) 

P-2-Here PSTs mention that the mathematical 

process is somehow MORE than just 

computational or procedural. PST responses 

include a single standards-aligned process.  

PSTs may mention mathematics as a process 

that requires organization, critical thinking, 

logic etc.  

To do math in my opinion would be able to see a problem and 

figure out successfully what might need to be done in order to get 

an answer. So when someone solves a problem they are doing 

math.... I thought to do mathematics you had to be good at it, fast, 

and know how to solve problems but now I think that as long as 

you have problem solving skills you can figure out how to solve 

something without knowing it off the top of your head. (PST 

written reflection) 

 

P-3-Includes at least two standards-aligned 

processes. 

I use [used] to think math was just being able to get the right 

answer, but it is so much more than that. You need to really be 

able to understand how you got that answer and the steps which 

you took. Doing mathematics means communicating well with 

others, being able to draw pictures to represent your process is able 

to thoroughly understand the question, and learn from others. (PST 

written reflection) 

Ability-When PSTs talked about ability they most commonly mentioned the nature of ability, how ability is 

demonstrated (i.e. what it means to be good at mathematics as it pertains to understanding), and the different skills 

people have that can help them participate in mathematics. 

Nature of Ability 

N1-PSTs talk about mathematical ability as 

fixed (natural ability, math just comes easily 

to some, some people are just not math people, 

some people are just 'wired' that way, etc.). 

I think to be good at math means that a student likes the subject 

and is capable to understand all the ideas. Also when a student is 

able to do the work and solve problems correctly with minimal 

assistance and practice. 
6
 (PST written reflection) 

 

I think that there are many different perspectives in regards to how 

people comprehend math. For some people, it doesn’t click in their 

heads, and for others, it makes complete sense. And then for the 

people who it clicks for, it clicks it different ways. (PST written 

reflection)  

 

N2-PSTs talk about ability in a mixed way 

(i.e., ability is a mix of natural ability and 

changing with effort). 

I think every person has the potential to be good at math; some just 

have to put in more effort than others. I understand that some 

people are born with a natural ability to understand and do well in 

a mathematics course, but every person is capable of being 

successful. (PST written reflection) 

                                                           
6
 Here the implication is that mathematics comes quickly and easily to those who are good at it. 
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N3-PSTs talk about mathematical ability as 

changing with effort (that anyone can be 

successful if they try). 

I believe someone can be good at mathematics by constantly 

practicing and applying the methods to real life situations to 

enhance their learning. I also think that for someone to be good at 

mathematics it’s important for them to ask questions to clarify 

their understanding so they are always improving. I think that if 

you try your hardest you can be good at math. (PST written 

reflection) 

 

Demonstrate ability (as it relates to understanding) 

D1-PST doesn't mention that someone good at 

mathematics has conceptual understanding. 

Rather to be good means getting good grades, 

getting the correct answer, being fast, etc. (this 

may include understanding how to follow 

procedures). 

There are a few different ways that someone can be good at 

mathematics. One way someone can be good at mathematics is by 

being able to complete general mathematics problems quickly and 

correctly. If someone is able to complete mathematics problems 

quickly and correctly then they are proving that they understand 

the concepts and can solve the problems efficiently. Another way 

someone can be good at mathematics problems is by solving 

advanced problems correctly.
7
 (PST written reflection) 

 

D2-PST mentions that to be good at math 

requires conceptual understanding or includes 

an example that CLEARLY implies 

conceptual understanding. 

Some can be good at mathematics by being able to understand a 

problem and well enough to be given similar problems and work 

them without help. Another way could be that they can test 

someone to see how much they know and be able to build on that 

knowledge. Lastly being able to reasonably work through a 

problem and understand what is going on in the mathematics and 

how all of it connects. (PST written reflection) 

 

D3-PST elaborates on what it means to have 

deep conceptual understanding through the 

inclusion of at least two processes that imply 

conceptual understanding (e.g., explaining, 

proving, representing, etc.). 

Someone who is good at math can understand and explain how 

they solved a problem and the different steps in solving the 

problem. It is also good to be able to connect real life examples to 

a math problem to help understand and remember different 

concepts. Someone who also can help out their classmate is also 

good at math because it shows that they fully understand the 

concept at hand and is confident enough to teach it to someone 

else.... Someone who is good at math can teach it to their 

classmate because I think that is a very strong way of showing 

someone’s understanding of a math problem. (PST written 

reflection) 

 

Different Abilities/skills (as it pertains to participating) 

S1-PST only includes traditional skills such as 

being good at procedures, calculations, 

following directions, memorization, traditional 

content, "good with numbers," etc. (i.e., skills 

that correspond to traditional mathematics). 

People can also excel and be good at math in different subjects, 

such as one student doing well when working on algebra and 

another student doing better when solving geometry problems. 

Since there are endless topics in mathematics, there is an endless 

number of areas one person can be good at that another person 

may not be. (PST written reflection) 

 

S2-PST includes a single standards-aligned 

skill. 

One can be good at mathematics by having the skill to figure out 

problems in multiple ways, and understanding why they are all 

                                                           
7
 In this PST response the PST mentions understanding but understanding is directly linked to getting a correct 

answer. That is, if you are correct then you understand which goes against real understanding. 
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correct. Memorizing is another skill that can make mathematics 

easier for some. Different children learn in different ways, so 

whichever way they learn better, and remember what they learned, 

works well.
8
  (PST written reflection) 

 

S3-Includes at least two standards-aligned 

skills. 

 

There are many ways that students can be good at mathematics. 

There are students who are good at articulating the information 

and their process in solving the problem, students are good at 

visualizing the problem and understand exactly what is being 

asked. There are other students who are good at drawing the 

problem and solving it that way. Other ways include: being 

organized, motivation, desire to learn, being confident, justifying 

your answer, etc. (PST written reflection) 

 

People-When PSTs talked about themselves as mathematical learners they most commonly talked about the nature 

of their ability, about their own mathematical strengths, and about their personal relationship with mathematics. 

Nature of PSTs ability 

PN1-PSTs talk about their ability as fixed. 

Either they are or are not a math person. 

I wouldn’t say that I love math, but I certainly don’t hate it. When 

I was younger I always excelled in math and it came naturally to 

me. I was always very good at doing it in my head. (PST written 

reflection) 

 

I consider myself to be an ok math student. I used to love math till 

I took algebra but then the hard math came in the picture. 

Trigonometry and calculus started to make me hate math. If I am 

learning algebra or geometry I am really interested but if hard 

math comes I will not be able to participate.
9
 (PST written 

reflection) 

 

PN2-PSTs talk about their ability as a mix of 

natural ability and changing with effort. 

[mathematics] Is something that never came naturally to me and 

something that I have always had to work at.... I have to put in 

work, but when I really try, most times I can figure out my 

problem. (PST written reflection) 

 

PN3-PSTs talk about their ability as changing 

with effort. That is, they have been or can be 

successful because of hard work. 

I consider myself to be a strong math student because I never give 

up. Whenever I need help with math, I always ask immediately. I 

always make sure that I am prepared for every day in class because 

I have always genuinely cared. (PST written reflection) 

 

The PSTs' mathematical Strengths 

PS1-PSTs talk about their mathematical 

strengths in terms of traditional school 

mathematics content or things commonly 

associated with traditional conceptions of 

mathematics. This could be saying things like 

they are "good at algebra", or "equations", or 

"memorization." 

I would say that my math strengths lean more to algebra style 

problems and not so much geometry, calc, or stats. math was never 

my best but algebra was easiest for me. (PST written reflection) 

 

PS2- PST includes one standards-aligned skill. I am determined and I am good at vizualizing problems. (PST 

written reflection) 

 

                                                           
8
 Here the PST mentions a traditional skill of memorization but then a standards-based skill of being able to solve a 

problem in different ways. 
9
 Here the PST limits the kind of mathematics that can participate in and thus puts a fixed limit on their potential. 
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PS3- PST includes at least two standards-

aligned skills. 

I am good at thinking of unconventional ways to solve problems. I 

often find myself solving problems in ways that no one else is 

doing. I am also good at basic math, area, and volume. I think 

those are important because the make up the foundation of 

mathematics. I am also good at working with groups and showing 

my work. I am patient and organized and I am alright at explaining 

my thought process. (PST written reflection) 

 

The PSTs' mathematical relationship  

PR1-PSTs talk about themselves and 

mathematics in a negative way. 

I think I am a weak math student, which could be why I used to 

hate it so much. For me, math does not seem to click as easily as it 

does for others. (PST written reflection) 

 

PR2-PSTs talk about themselves and 

mathematics in a mixed or neutral way. 

While I do not love math, I definitely do not hate it. In both 

elementary and high school, math was my favorite subject. 

However, I do not love it enough to go into a field which revolves 

around math (such as an accountant or an engineer). I am not the 

strongest math student, but I am also not bad at it. (PST written 

reflection) 

 

PR3-PSTs talk about themselves and 

mathematics in a positive way. 

I personally love math I always have. I enjoy it because I like to 

manipulate problems and formulas and find ways I can solve 

something unconventionally. I consider myself a strong math 

student because I tend to find ways to get the answer and I never 

give up on a problem. (PST written reflection) 
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APPENDIX E: CATALOG OF DESCRIPTORS 

Category: Mathematics  

Subcategory: Understanding (U) 

 

Frequency (per person not per usage) 

R1 U1 

(25)* 

R1 U2 

(19) 

R1 U3 

(0) 

R6 U1 

(4) 

R6 U2 

(21) 

R6 U3 

(17) 

NO MENTION OF UNDERSTANDING 

(below is a list of some other things said**) 

 

Only say "solve", "Get answer", "figure out" 15   4   

"follow steps", "plug in numbers" 8      

"perform calculations" 6   1   

"understand the steps" 2      

MENTIONS  OR IMPLIES 

UNDERSTANDING 

 

Specifically mentions it is a topic to be 

understood 

 10   18 13 

Understanding through modeling/visualizing  3   4 6 

Math is a concept  2   5 3 

Learn/understand the "whys"  1    2 

Need critical thinking/logic/reasoning/make 

sense of 

 7   5 8 

Relate previous knowledge/make connections/ 

understand relationships 

 3   4 1 

NOT JUST calculations     2 5 

NOT JUST memorization      4 

Answer not the most important part      3 

Understand multiple solutions, methods, 

perspective 

     8 

Prove/explain/teach     1 2 

Demonstrate understanding through 

communication 

     13 

Requires knowledge     1  

*This notation (R1 U1 (25)) means that on reflection #1 25 PSTs were assigned a subcategory 

code U1 (i.e., they did not mention or imply that mathematics requires understanding).  

**This is an example of things said when PSTs did not mention understanding. However, a more 

complete catalog of these descriptors is shown on the subsequent tables. 
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Category: Mathematics 

Subcategory: Applications (A) 

 

Frequency (per person not per usage) 

R1 

A1(14) 

R1 A2 

(18) 

R1 A3 

(11) 

R6 

A1(7) 

R6 A2 

(17) 

R6 A3 

(19) 

Traditional school content  

Arithmetic (+,-,X,/, etc) 4 4 1  3 4 

Numbers/integers/counting 9 10 5 6 4 7 

equations/formulas/algorithms/expressions 8 5 4 4 4 5 

Symbols/variables 3 2  1 2 1 

word problems 3  2 1 1  

Traditional school contexts/classes  

(or only talk about in-school ex's) 

2  1   3 

Shapes    1   

Number lines/ graphs   1  1 1 

Applications beyond traditional school 

content 

 

Use in everyday life/understand world 

/necessary for life 

 16 11  7 19 

Complicated fields/applications  

science/engineering 

 3 2   2 

MORE THAN/NOT JUST traditional 

content 

    10 12 

Banking/bills/budget/financing  1 3   3 

Buy/sell shopping/grocery  1 4   5 

Tax/tips   4   2 

Car/gas or travel/speed  1 1   3 

Schedule/time   3   4 

Building/construction/measurement   7   6 

Money   3   3 

Careers  1     

Sharing Pizza (or anything)     1  

Cooking   1   2 

Dance/ Music   1   1 

Weather      1 

Tv/phones/technology      3 

Weight      2 
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Category: Mathematics 

Subcategory: Process (P) 

 

Frequency (per person not per usage) 

R1 

P1(21) 

R1 P2 

(23) 

R1 P3 (0) R6 P1(4) R6 P2 

(17) 

R6 P3 

(23) 

Traditional processes* 

Solve Problems 12 10  3 12 14 

Calculate/compute 4 1  2   

Follow steps/process 5     2 

Do Arithmetic/Count 4    3 1 

Use numbers 5    7 3 

Memorization and Facts 1      

Use algorithms and Formulas/plug in #'s 4   1 2 2 

Use a calculator 1 1    1 

Paper and pencil 2 2  1  2 

Mental Math 2 2  1 3 2 

Game/Puzzle/Play with numbers 2 2  1 1 1 

Show work neatly/organized  1   1 1 

Standards-aligned processes 

Make connections/relationships/apply to 

 previous knowledge 

 5   4 3 

Modeling/visualization  5   5 12 

Taking logical steps/ critical 

thinking/making decisions/Figure out 

why 

 7   3 11 

Discovery/Robust problem solving     2 3 

Multiple methods/perspective/strategies/ 

representation 

 3   5 13 

Communication/discussion/collaboration/ 

Interaction 

     10 

Prove/explain/teach  1    5 

Ask questions/ ask for help      2 

Teamwork/group work     2 10 

Apply concepts to life  8   4 4 

MORE THAN just plugging in numbers     4 12 

Identify mistakes     1 1 

*Although some mathematical processes may agree with both traditional and standards aligned 

processes (e.g., solving problems in your head with mental math) the traditional processes are 

those more strongly associated with traditional mathematics OR the PST did not elaborate in 

ways that made it clear that the process was standards-aligned. For example, many PSTs 

included mental math but did not elaborate if this meant solving a problem quickly in one's head 

(without being able to explain why) versus understanding and flexibly using various arithmetic 

properties that made solving difficult problems easier using mental math.   
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Category: Ability 

Subcategory: Nature of Ability (N) 

Frequency (per person not per usage) 

R1 N1(9) R1 N2 

(15) 

R1 N3 

(10) 

R6 N1(0) R6 N2 

(12) 

R6 N3 

(25) 

Emphasis on natural ability 

Comes easily, naturally, quickly 

"it just clicks for some" 

6      

Some people have the 

ability/capability 

2      

Some people's brains are just wired 

that way 

1      

Need a natural interest 1      

Mix of natural ability and effort 

Some people have a natural ability 

but others can still succeed with 

effort 

 11   11  

Comes easily to them and requires 

effort 

 5   2  

Anyone can succeed with effort 

To be good requires effort, 

patience, practice, perseverance, 

etc. 

  10   22 

To be good means to demonstrate 

understanding WHICH does not 

need to come quickly or easily 

     1 

Willing to work towards full 

understanding 

     1 

PST mentions no longer ascribing 

to fixed notions of ability.  

     7 

Mixed (N2) with emphasis on 

effort* 

     1 

* This one PST did not want to discount that some people may have some natural ability but did 

want to emphasize that anyone can succeed and that for most people this is a result of effort. 
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Category: Ability 

Subcategory: How ability is 

demonstrated (D) 

Frequency (per person not per usage) 

R1 D1(5) R1 D2 

(34) 

R1 D3 

(5) 

R6 D1(0) R6 D2 

(21) 

R6 D3 

(23) 

Does not imply or mention understanding* 

Get right answer/solve/correct 3 5 1  2 2 

Good grades 1 3     

Quick 1 7    1 

Having a correct answer shows 

understanding 

1      

Being correct is more important 

than understanding 

1      

Mentions, implies, or elaborates on understanding 

Specifically mention understanding 

(logic/reasoning/knowing why, etc) 

 34 5  19 22 

Can apply/connect to real life  3 2   8 

Can make mathematical connection  2 2  1 4 

Can explain/teach  2 5  8 16 

Critique/defend/construct 

arguments 

     3 

Represent with 

modeling/visualizing 

 2 1  2 12 

Can reason abstractly      1 

Self evaluate strengths and 

weakness in understanding 

     2 

Can do/understand multiple 

solutions/perspective 

 2 3  1 11 

*This includes many of the things people said about how ability is demonstrated when they did 

not mention or imply understanding (e.g., getting good grades). However, there are still some 

people who received the subcategory code D1 on reflection #1 for not mentioning understanding 

or other more traditional forms of assessing ability (e.g., being quick).  
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Category: Ability 

Subcategory: Different skills (S) 

Frequency (per person not per usage) 

R1 

S1(9) 

R1 S2 

(21) 

R1 S3 

(12) 

R6 

S1(0) 

R6 S2 

(8) 

R6 S3 

(35) 

Traditional skills* 

Good with numbers/ arithmetic/ 

calculations 

5 6 4  2 5 

Good with memorization 4 2     

Good with equations/formulas/traditional 

problems 

2 2 1  1 3 

Good at following directions (step by 

step processes) 

 1 1   5 

Good at traditional topics (I'm good at 

algebra) 

4 2 1  2 2 

Mental math 2 5 2   4 

Solving with paper and pencil 2     1 

Must master previous topics first  1     

Standards-aligned skills 

Good at asking questions  2 4  1 13 

MORE than traditional skills  2    2 

Listening/ pay attention/ focus  1 3  1 10 

Communication/collaboration/interaction/ 

teamwork 

     14 

Explain/ teach  2 6  4 17 

Think critically/ logic/ reasoning  2 3   8 

Connect ideas/ apply previous knowledge  1 4   2 

Organized/ neat  1    6 

Can connect/apply knowledge to real 

world 

 4 4  1 7 

Mentioned specific applications (as 

skills) 

 1 1  1 2 

Visuals/drawing/modeling  1 4  1 14 

Good at understanding/using multiple 

approaches 

 1 2  1 11 

Good at solving puzzles/ creative/ think 

out of the box 

 2 2   5 

Reading/writing   1   1 

Studying  2 1   1 

Taking notes      1 

Identifying patterns  1    1 

Interpreting problems      7 

Justify/argue      3 

Learn from mistakes      2 

*Again, many traditional skills could also agree with standard align skills but are the skills more 

strongly associated with traditional mathematics.  
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Category: People 

Subcategory: Nature of personal 

ability (PN) 

Frequency (per person not per usage) 

R1 

PN1(3) 

R1 PN2 

(20) 

R1 PN3 

(5) 

R6 

PN1(1) 

R6 PN2 

(12) 

R6 PN3 

(19) 

Emphasis on natural ability 

I'm just naturally good 1      

I cannot participate in "hard" math 1      

I'm aware of what I am 1   1   

Mixed emphasis on effort and natural ability 

Comes to me easily/naturally and I 

put in effort 

 4   2  

NOT a math person, but I can do 

well with effort 

 15   5  

I'm more of an English/art  person 

but I can do well with effort 

 2     

Some math comes naturally to me 

and others require effort 

 1     

I'm not a "math person" but this is 

attributed to prior learning 

exp/teaching 

    1  

Can do some concepts (easy) and 

not others with effort 

    4  

Good at some/not at others but I 

have improved 

    1  

Emphasis on effort 

I can be 

good/strong/better/successful with 

effort/motivation/etc. 

  1   9 

I am good because I work 

hard/persevere/ask questions 

     9 

I said I was weak but now I am 

getting stronger 

     1 

I don't believe in my "natural 

ability" anymore 

     2 

I work hard until I understand   3    

I have done well because I have had 

help/good teachers/ etc. 

  1    
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Category: People 

Subcategory: Personal Skills (PS) 

Frequency (per person not per usage) 

R1 

PS1(11) 

R1 PS2 

(27) 

R1 PS3 

(4) 

R6 

PS1(5) 

R6 PS2 

(12) 

R6 PS3 

(27) 

Traditional skills 

Good with numbers/ arithmetic/ 

calculations 

1 2  3 3 1 

Good with memorization 2 2   2 2 

Good with equations/formulas/traditional 

problems 

2 3     

Good at word problems 1 1     

Good at following directions (step by 

step) 

 1 1    

Good at traditional topics (I'm good at 

algebra) 

8 5 1 2 1 2 

Mental math 2 3  1 3 1 

Paper and pencil 1      

Good at "solving problems"  5 1   3 

Using a calculator      1 

Standards-aligned skills 

Asking questions   1  1 9 

Listening/ pay attention/ focus  1 2   5 

Communication/collaboration/interaction/ 

teamwork 

  2  1 17 

Explain/ teach  1 2  1 8 

Think critically/ logic/ reasoning  1   1 4 

Connect ideas/ apply previous knowledge 

(understand/apply/connect concepts) 

 9 1  1 3 

Organized/ neat  1    8 

Can connect/apply knowledge to real 

world 

 1 2  3 2 

Visuals/drawing/modeling  5   2 12 

Good at understanding/using multiple 

approaches 

 2 1  1 3 

Good at solving puzzles/ creative/ think 

out of the box 

 3    3 

Identifying patterns     1 2 

Interpreting word problems  1    1 

Justify/argue/prove  1     

Learn from mistakes   1   2 

Being able to teach self  1     

Estimating      1 

Open minded      2 

Intuitive      1 
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Category: People 

Subcategory: Personal relationship 

Frequency (per person not per usage) 

R1 

PR1(9) 

R1 PR2 

(22) 

R1 PR3 

(13) 

R6 

PR1(1) 

R6 PR2 

(20) 

R6 PR3 

(23) 

Negative/ mostly negative relationship 

I am weak/bad AND hate/don't 

like/ least favorite 

(i.e., NOT good and don't like) 

7      

Not really good but can be okay but 

still hate/ least favorite/etc. 

(i.e., mixed ability but still don't 

like) 

1      

NOT good but have mixed feelings 1   1   

Mixed relationship 

Not really good but can be okay but 

don't hate it (i.e., mixed ability and 

mixed relationship) 

 1   1  

Good at some things but not others 

and mixed relationship 

 6   1  

I am an average student with a 

mixed relationship 

 13   12  

Mixed relationship  2   1  

Mixed ability     5  

Positive/ mostly positive relationship 

I am strong and I love it/enjoy it   9   9  

Mostly strong and mostly positive  

(I love everything up till ... or 

except...(calculus)) 

  3   2 

Strong student with mixed 

relationship 

  1   6 

Love it      1 

Mixed abilities but love math      1 

I WAS weak but now I am 

improving and my relationship is 

improving (i.e., improving skills 

and relationship) 

     4 
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